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A  DYNAMIC  MODEL  OF  URBAN  STRUCTURE 

* 

John  P.  Crocine 

The  RAKD  Corporation,  Santa  Monica,  California 


Versions  of  the  Time-Oriented  Metropolitan  Model  (T.O.M.M..) 

discussed  in  this  paper  have  served  as  the  primary  spatial-location 

model  for  two,  large-scale  urban  simulations.  T.O.M.M.  has  served 

as  a  key  element  in  the  Pittsburgh  urban  simulation  (City  Planning 

Department's  Community  Renewal  Program)^  and  is  currently  serving  as 

the  spatial-location  device  in  the  M.E.T.R.O.  Project  at  the 
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University  of  Michigan.  The  model  was  partially  validated  for  the 
Pittsburgh  metropolitan  area  and  is  currently  in  the  process  of  being 
modified  and  validated  using  data  from  the  Lansing,  Michigan  metro¬ 
politan  area.  Like  other  land  use,  population,  and  commercial  loca¬ 
tion  models,  the  degree  to  which  T.O.M.M.  can  be  validated  Isa 
function  of  data  availability. 


Because  of  the  Incompleteness,  incompatibility,  and  non-existence 
of  most  small-area  data  and  the  lack  of  time-series  data,  T.O.M.M. 
remains  in  the  developmental  stage.  Although  two  versions  have  been 
calibrated  for  Pittsburgh  and  Lansing,  the  version  presented  here  is 
untested  and  describes  the  latest  model  modifications. 


B.  Overviev?  of  T.O.M.M. 

The  model  is  one  describing  the  interaction  of  variables  in  an 
urban  system.  Three  classes  of  variables  arc  Included:  an  exogenous 


Any  views  expressed  in  this  paper  are  those  of  the  author. 
They  should  not  be  interpreted  as  reflecting  the  views  of  The  BAND 
Corporation  or  the  official  opinion  or  policy  of  any  of  its  govern¬ 
mental  or  private  research  sponsors.  Papers  are  reproduced  by  The 
RAND  Corporation  as  a  courtesy  to  members  of  its  staff. 
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ctnployment  sector,  an  endogenous  commercial  employment  sector,  and  a 
household  or  population  sector. 

The  city  is  uiviuCu  into  S  ulsjuint  Sitd  exhaustive'  sC't  ui  UtCal 
units.  Variables  are  located,  spatially,  within  particular  areal 
units  (e.g.,  census  tracts).  Superimposed  on  this  system  of  vari¬ 
ables  ir.  a  transportation  system  providing  accessibilities  between 
various  activities  within  the  areal  units.  In  the  formal  model  of 
T.O.M.M, ,  the  number  of  areal  units  is  variable  and  in  practice 
would  generally  be  determined  by  characteristics  of  the  urban  area 
involved  and  data  availability. 

Exogenous  employment  refers  to  those  people  employed  in  estab¬ 
lishments  or  activities  whose  primary  clientele,  reason  for  being, 
or  set  of  customers  lies  oucslde  the  urban  study  area.  Exogenous 
employment  variables  can  be  influenced  by  factors  external  to  the 
urban  comBunlty  or  urban  study  area  but  cannot  be  Influenced  by 
factors  Internal  to  the  community.  In  addition,  the  model  hypo¬ 
thesizes  a  one-way  interaction  between  the  exogenous  employment 
sector  and  the  endogenous  coimiercial  employment  and  household  sectors. 
That  is,  exogenous  enployment  influences  endogenous,  commercial 
employment  and  household  variables  but  household  and  endogenous 
employment  do  not  inflvience  exogenous  employment.  In  short,  the 
urban  system  is  a  partially  decomposable  subsystem  ot  a  larger 
(national)  socio-economic  system.  The  links  between  the  urban  sub¬ 
system  (endogenous  and  household  sectors)  and  the  larger  system  are 

through  exogenous  employees  and  exogenous  institutional  and 
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economic  activities.  In  the  short  run,  the  number  of  people 
employed  at  the  Oldsmoblle  plant  In  Lansing,  the  number  of  State 
employees,  and  the  number  of  Michigan  State  University  employees 
cannot  be  said  to  be  a  function  of  what  happens  or  what  goes  on  in 
the  Lansing  metropolitan  area.  Consequently,  T.O.M.M.  considers  the 
number,  type  (white-collar  or  bureaucratic,  and  blue-collar  or 
Industrial),  and  spatial  location  of  exogenous  employees  as  givens. 


Endogenous  "onmcrcial  activity  includes  all  people  employed  or 
engaged  In  activities  serving  the  metropolitan  region,  Noighbohood 
grocery  stores,  reglonul  sjtopplng  centers,  secondary  and  elementary 
school  teachers,  librarians,  doctors,  lav/ytrs,  retail  clerks,  etc., 
all  comprise  elements  of  tlic  endogenous  employment  sector.  Trovl- 
sions  arc  made  in  T.O.M.M.  lor  several  categories  or  major  classes 
of  endogenous,  commercial  employees.  Ideally,  the  sectuilng  or 
classification  of  endogenous  employees  would  be  based  on  the  differ¬ 
ential  locational  behavior  of  various  classes.  Employment  classifi¬ 
cation  has  been  operationalized  in  a  very  crude  way  In  the  Pittsburgh 
and  M.E.T.R.O.  projects  by  using  the  same  three  employment  riisses  as 
did  Lowry  in  his  study  of  the  Pittsburgh  region: 

"Neighborhood  facilities:  Food  stores;  drug  stores;  gasoline 
service  stations;  personal  services  (part);  elementary 
and  secondary  schools;  domestic  services. 

"Local  facilities;  Part  of  tlie  following:  Eating  and 

drinking  places;  medical  and  health  'jervices;  welfare 
and  religious  services;  personal  ser/lces;  finance, 
Insurance,  and  real  estate  services;  automotive 
dealers  and  repair  services;  department,  general 
merchandise,  and  variety  stores;  amusement  and 
recreation  facilities;  public  administration;  mis¬ 
cellaneous  retail  and  service  trades  not  listed 
above, 

"Metropolitan  facilities:  Part  of  most  groups  listed 
under  'local  facilities,'  with  large  shares  of 
department  stores,  financial  services  and  public  ^ 

lodgings,  business  services,  and  public  administration." 

These  classifications  reflect  differential  location  behavior  due  to 
differences  in  type  of  consumer  services  and  reflect  (crudely) 
different  returns  to  scale  (establishment  sire)  for  various  enter¬ 
prises  . 

The  household  or  population  sector  similarly  is  divided  into  a 
number  of  categories  or  classes  of  households.  The  number  of  cate¬ 
gories  is  also  a  variable  In  the  program.  The  classification  of 
households  would  be  on  the  basis  of  income,  family  size,  race, 
employment,  age  of  head  of  household,  national  origin,  and  the  like. 
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Aeain  the  primary  criterion  for  dividing  households  into  categories 
should  he  differential  tocat.ionJi  behavior. 

An  overview  of  the  dynamics  of  T.O.M.M.  i.s  as  follows:  numbers 
of  exogenous  employees,  by  type  (bureaucratic  or  industrial),  and  by 
location  are  taken  as  given,  Exogenous  employees  support  (or  create) 
a  certain  number  of  households  in  the  region.  Households  locate 
spatially  in  the  urban  syatem  based  partly  on  accessibility  to 
particular  places  of  employment.  These  households  in  turn  generate 
demands  for  services  and  endogenous  comnercial  employment.  The 
additional  endogenous  employees  in  turn  support  households 

(which  are  tiicn  located),  etc.  The  iot..tlcral  hchavlcr  cT  '.iC’isehol ds 
is  said  to  be  a  function  of  the  composite  cost  surface  for  particular 
household  types.  The  composite  cost  surface  is  in  turn  a  function  of 
cost  surfaces  for  Individual  households  based  on  access  to  exogenous 
employment;  access  Co  endogenous  employment  (as  employees  and  as 
customers),  and  externalities  associated  with  various  areal  units  or 
sites.  The  locational  behavior  of  endogenous  commercial  activities 
is  based  primarily  on  accessibility  t<'  customers  where  different 
types  of  households  exert  differential  rates  of  attraction. 

Once  a  change  In  the  level  or  location  of  employees  is  affected, 
the  urban  system  moves  Coward  a  new  equilibrium  between  exogenous 
employees,  households,  and  endogenous  employees.  The  theoretical 
origin  of  this  work  lies  In  Ira  Lowry's  excellent  Model  of  Metropolis. 
The  primary  differences  between  T.O.M.M.  and  the  Lowry  model  Is  that 
variables  In  T.O.M.M,  are  of  a  much  more  disaggregate  nature,  the 
concept  of  site  amenities  la  Introduced,  and  zoning  constraints  ate 
explicit.  The  other  major  difference  co.icerns  the  way  in  which  the 
concept  of  time  is  handled. 
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C.  Tlicorcirlca  I  Oriw.tnH  of  T.O.M.H. 


The  model  deNcrfhed  by  Ira  Lowry 
','ideK  the  Kein  rol  orLtinta ticn  and  -.any 
In  particnUr,  the  causal  lilerarcliy,  <1 
Lowry's,  (tee  Fiptirc  1.) 


in  A  Mode)  of  Metropolis  pro- 

r  f-.f  A  ii  u 

uttt^  aptvLA-A.v3  fewt  L  ,imf  ,ti  firi, 

iscuHsed  above,  is  the  same  as 


T.O.M.M,,  as  will  bo  seen  below,  consists  o£  a  lartjc  system  o£ 
cqii.itions  and  constraints.  The  partial  cquillbrlnm  Cliat  cl,  .r.u  i  erlzcs 
a  short-run  "soli'tljn"  to  the  urban  location  problem  is  really  a 
solution  to  the  system  of  equations  and  constraints.  The  iterative 
solution  procedure  used  in  T.O.M.M.  (sec  Figure  11  parallels  Lowry's^ 
in  Its  broad  tcacurcs  but  ditiers  slgniiicani.ly  in  specif  ft  rr.c  •ihanisms. 


Lowry  Model 

Lowry's  model  takes  the  urban  area  (divided  Into  appropriate 
areal  units)  initially  as  empty.  By  assuming  or  locating  exogenous 
cmployee.s  on  the  urban  space,  households  are  generated.  These  house¬ 
holds  are  considered  as  homogeneous.  More  realistically,  Lowry 
generates  population  densities  for  each  areal  unit  based  on  employment 
(exogenous  and  endogenous)  locations.  Densities  arc  then  subjected  to 
a  maximum  residential  density  censtraint  (i.e,,  zoning  restriction). 
Tiie  resulting  densities  are  then  converted  tn  households.  The  exis¬ 
tence  of  households  creates  an  aggregate  or  city-wide  demand  for 
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endogenotis,  cotnmcrciat  employcCN,  Eniiogcnuus  emplcyccH  arc  then 
diatribiiced  to  areal  units  on  the  basis  of  customer  or  client  loca¬ 
tion,  where  customers  are  houscliolds  and  employees  (only  employees 
located  within  an  areal  unit  were  considered  as  potential  customers 
for  that  unit),^ 


Dtaangrenation  and  Descriptive  Fower 

T.O.M.M.  is  essentially  □  second  phase  of  the  T^owry  effort. 
Changes  and  the  addition  of  complexity  were  made  because  of  a  desire 
for  a  descriptive  model  with  a  policy  orientation,  containing  more 
realistic  (and,  unfortunately,  more  complex)  locational  decision 
rules.  These  desires  led  to  the  following  elaborations  and  structural 
changes  in  the  Lawiy  ir.adel; 

a.  Introduction  of  the  concept  of  short-run  stability  in 

urban  land  uses  and  location.  The  urban  locational 
system  cannot  be  considered  as  a  self-correcting 
mechanism  except  in  the  very  long  run,  Consequent'y , 
historical  accidents,  noise  in  the  system,  and 
"irrational"  locational  decisions  tend  to  get 
perpetuated. 

b.  Inclusion  of  two  types  of  exogenous  employees,  white 

collar  or  bureaucratic  [EBUR(I)']  and  blue  collar  or 
industrial  {EIND(l)],  to  partially  capture  the 
difference  in  locational  (for  household  locations) 
and  travel  (a.s  customers  of  endogenous  employees) 
behavior  for  different  kinds  of  employees.  The 
Lowry  model  considers  all  employees  (both  endogenous 
and  exogenous)  as  homogeneous  with  respect  to  house¬ 
hold  and  endogenous  commercial  employment  locations. 

T.O.M.M.  also  assumes  that  different  kinds  of 
endogenous  conssercial  establishments  (collections  of 
employees)  exert  differential  locational  behaviors. 

c.  Inclusicii  oi  several  household  types,  rather  than 

assuming  all  households  were  homogeneous. 

d.  Inclusion  of  the  effect  of  site  amenities  and  economic 

externalities  as  factors  in  determining  site  valua¬ 
tion  and  hence  locational  behavior  for  the  various 
household  types. 

e.  Explicit  consideration  of  the  effect  of  a  certain  kind 

of  market  imperfection,  density  and  land  use  (zoning) 
restrictions,  on  rents  and,  hence,  on  locational  behavior. 
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Dlsaggregation  of  households  (Into  categories)  and  exogenous 
employees,  by  reducing  the  level  of  model  abstraction,  increases  the 
correspondence  of  the  model  to  the  "real  world"  and  increases  the 
descriptive  power  of  the  model.  Greater  disaggregation  of  variables 
should  also  make  the  model  more  amenable  to  policy  studies  and 
experiments.  The  impact  of  changes  in  the  transportation  system  on 
specific  segments  of  the  population  can  be  assessed.  If  race  is 
used  as  a  basis  for  categorizing  households,  it  would  be  relatively 
easy  to  assign  the  locational  parameters  of  white  households  to  non¬ 
whites  as  a  means  to  assess  the  impact  of  segregation,  etc.  The 
impact  of  funneling  new,  exogenous  employment  opportunities  to  the 
urban  fringe  rather  than  the  central  city  area  could  be  analyzed,  etc. 

The  inclusion  of  site  amenities  and  economic  externalities  as 
factors  in  the  distribution  of  households  within  areal  units  allows 
the  planner  to  assess  the  impact  of  public  policy  and  investment 
decisions  within  particular  areas. 

Dynamic  Properties  of  Urban  Locational  Behavior 

The  spatial  distribution  of  activities  in  an  urban  area  has 
many  determinants,  some  of  which  are  regular,  habitual,  and  pre¬ 
dictable  and  some  of  which  are  not.  The  unsystematic  portion  of 
urban  locational  behavior  creates  some  special  problems  in  the  long- 
run  analysis  of  that  behavior.  Unlike  the  "noise"  or  error  terms  in 

most  empirical  works  in  economics  and  social  behavior,  a  "mistake" 
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cannot  be  easiiv  corrected  during  the  next  time  period.  A  shopping 
center  built  on  an  "uneconomic  site"  does  not  just  disappear.  The 
buildings  remain  and  are  almost  always  used  during  the  next  period. 
Deviations  from  Che  "most  economic"  locational  decision  are  compen¬ 
sated  by  changes  in  prices,  portion  of  household  budget  spent  on  trans¬ 
portation,  and  the  like,  and  not,  necessarily,  by  changes  in  the  activity 
or  its  location.  In  short,  effects  of  deviations  from  the  "normal" 
behavior  of  firms  and  individuals  can  be  cumulative  and  are  not  always 
self-correcting  or  canceling.  A  freeway  built  where  there  was  no  "demand" 
for  one  represents  a  change  in  supply,  a  change'  in  transport  price. 
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antl  hiMiti'  n.<f!icrates  It?  own  "demnitd."  Stffli  larty,  Mltopplng  centers 
and  subdlvtstons  built  in  inacttsjiblt’  places  usually  manage  to 
generate  a  Sunni'.'  oi  surrounding  households,  streets  and  roads,  ami 
the  like.  Aa  neighboiii'jode  age  and  change  charactec  (mix  ot  house¬ 
holds,  »Ts>nluytr,anr ,  etc.),  large,  Victorian  houses,  no  longer  econom¬ 
ically  iea.siblc,  arc  carved  Into  apartment.^ ,  not  torn  down,  A  new 
school  tends  tc  gerteiate  n*=w  siihdlv’lstouji  regardless  of  initial  needs 
or  correlation  of  plans.  This  two-way  interaction  of  supplies  and 
demands  superimposed  on  the  permanency  o£  physical  structures  creates 
great  difficulties  in  building  modets  of  an  urban  system. 

The  Lowry  model  Is  a  static  model  in  the  sense  that  it  attempts 
to  regenerate  the  econoralt  and  population  distributions  of  an  urban 
area  at  a  given  point  in  time  from  an  empty  space,  containing  only 
exogenous  employees  (l.e.,  from  the  beginning  of  time).  To  the 
extent  that  imperfections  in  real  developments  are  magnified  rather 
than  self-correcting,  a  static  model  is  likely  to  provide  an  Inade- 
qute  prediction  or  explanation  of  urban  I'^catlonal  dynamics. 

Dzlewonskl  makes  a  similar  point  -- 

"Obviously  some  changes  do  take  places  advantages  and  disad¬ 
vantages  of  the  location  In  the  same  place  arc  not  the  same 
at  all  points  In  time  (as  static  models  assume) ;  for  both 
theoretical  and  practical  purposes  these  changes  should  be 
incorporated  into  our  conceptual  framework  and  metliods  of 
analysis.  Bvit  in  spite  of  many  and  continuous  efforts,  Lbc 
intruductiun  of  the  time  clement  Into  the  theory  of  location 
is  not  yet  satl.sfactorily  tackled.^ 

Static  Friction  and  Sliding  Friction 

The  analysts  or  urban  structure  have  long  recognized  the  friction 
which  Impedes  (the  Inverse  of  accessibility)  travel  between  distant 
points  as  an  important  determinant  of  locational  behavior.  What 
T.O.M.M.  attempts  to  do  is  explicitly  recognize  the  existence  of 
another  kind  of  Impediment  to  location  associated  with  relocation. 

This  difference  in  impediments  is  similar  to  the  difference  between 
static  friction  and  sliding  friction  In  the  physical  sciences.  The 


present  version  of  T.O.M.M,  incorporates  static  friction  by  assuming 
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that  during  any  given  time  period,  only  a  portion  of  existing  house¬ 
holds  and  land  uses  are  free  to  move.  Locational  stability  becomes 
an  extremely  important  concept  in  both  the  long  and  short  run,  when 
one  considers  the  decision  to  change  location  as  containing  consid¬ 
erations  distinct  from  the  decision  to  travel.  Consider  the  plight 
of  a  low-income  household.  It  may  be  that  such  a  household  has  a 
more  desired  location  that  its  current  one.  The  costs  of  moving  are 
not  negligible  however.  Even  if  another  neighborhood  is  more 
desirable  on  all  other  dimensions,  moving  from  one  social  structure 
to  another  is  usually  costly.  The  cash  position  for  a  household  may 
be  such  that  moving  costs  cannot  be  absorbed.  In  the  case  of  non¬ 
whites,  artificial  barriers  may  exist.  Consider  the  firm. 

’'...(I)n  adapting  its  activities  to  the  characteristics  of 
the  site  and  vice  versa,  an  establishment  makes  an  invest¬ 
ment  which  is  seldom  recoverable  on  the  market.  The  search 
for  alternative  sites  is  tedious,  transaction  costs  are 
high,  and  a  move  itself  can  be  expensive. "10 

Most  existing  location  models  assume  that  location  is  determined 
by  a  desire  to  minimize  total  travel  costs  (for  all  kinds  of  trips) 
and  that  differences  in  locational  behavior  for  various  segments  of 
the  population  result  from  differences  in  trip  purposes  and  differ¬ 
ences  in  transportation  budgets,  rents  at  various  locations  being 
considered  fixed  by  the  market.  T.O.M.M.  attempts  to  modify  the 
concept  of  locational  beliavior  in  three  ways:  „ 

(1)  By  allowing  only  a  certain  portion  of  land  uses  and 
activities  to  re-locate  during  a  given  analysis  period. 

(2)  By  including  site  amenities  along  with  travel  and  rent 
considerations  in  re-location  decisions. 

(3)  By  explicitly  including  effects  of  (government  zoning) 
density  and  land  use  restrictions  on  rents  in  an  area 
and,  ultimately,  on  the  desirability  of  that  area. 
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Acceesiblllty 

Another  difference  between  T.O.M.M.  and  the  Lowry  model  concerns 
the  concept  of  acccsslbl I Icy ,  AcccBsibil ity  ,  as  used  here,  is 
inversely  porporClonat  to  distance.  Lowry's  model,  as  applied  to  the 
Pittsburgh  region,  used  airline  distance  the  appropilatc  measure 
of  separation  of  areal  units.  Airline  d'*  stance  was  then  fitted  to 
various  functionii  as  the  mcijjure  of  accessibility.^^  T.O.M.M. ,  in 
its  current  version,  is  flexible  in  its  treatment  of  accessibility, 

A  subroutine,  ACCESS(I, J,MM) ,  is  used  to  calculate  the  measur:  of  the 
degree  of  separation  between  areal  units  I  and  J,  based  on  relation¬ 
ship  KM.  This  allows  use  of  airline  distance  from  1  to  J,  actual 
travel  times,  sliortest-route  distance,  etc.  It  also  allows  the  use 
of  different  functional  relationships  for  expressing  the  effects  of 
accessibility  for  different  activities.  There  Is  no  reason  to 
believe  that  accesalbillty  considerations  for  neighborhood  grocery 
stores  ure  the  same  as  chose  for  central  business  district  department 
stores. 


The  cost  of  travel  between  locatlor  I  and  location  J  is  a  function 
of  their  spatial  separation. 


Travel  Cost 


ij 


f (distance^ 


Travel  Cost 


Ij 


OC 


_ I 

ACCESS(I,J,MM) 


Sample  functional  relationships  that  can  be  considered  are: 


KM  - 

1 

MM  - 

2 

MM  - 

3 

[In(d^j)]  ^ 

MM  - 

k 

measure  of  distance,  travel  time 
areal  unit  1  to  J. 

k 

empirically  deterTmined  constant. 

where 
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Tlii!  diffarent  functional  relatinnahips  (MM's)  tctlcct  different 
loca t *.oita  1  beliavioi'h  for  different  population  and  endogenous,  commer¬ 
cial  activities.  The  mcaaure-of-dtstance ,  j  »  permits  T.O.M.M.  to  be 
applied  in  cities  with  different  data  bases.  also  becomes  a  policy 

variable  reflecting  changes  in  the  transportation  system  or  travel 
12 

costs.  The  use  of  a  subroutine,  ACCESS(I, J,KH) ,  also  allows  for 
calculation  of  the  impacts  of  modal  splits  --  different  models,  MM, 
reflecting  ditterent  modal  splits,  autos,  buses,  rapid  transit,  etc. 


D,  Residential  Locational  Behavior 

Consider  the  location  decision  for  a  single  household. For 
the  moment  assume  the  household  is  merely  interested  in  choosing  a 
particular  site,  on  which  to  locate,  from  among  a  set  with  similar 
site  improvements  (buildings,  landscaping,  etc,).  Observing  that 
few  households  take  such  decisions  lightly,  it  seems  reasonable  to 
assume  a  degree  of  rationality  on  the  part  of  this  behavioral  unit. 

In  particular,  we  are  assuming  that  a  household,  in  choosing  an 
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urban  property  site,  behaves  as  if  It  is  maximizing  its  net  benefit. 

In  the.  single-household,  homogeneous  site- improvement  case, 
consider  two  relevant  costs  associated  with  household  location  as 
found  in  Figure  2;  site  re-  or  land  and  improvements,  and  travel 

^  5 

costs  to  and  from  work.  '  Nc  e  the  particular  location  of  a  house¬ 
hold's  place  of  employment  (trip  destination  where  home  is  the 
origin)  is  important  in  calculating  travel  costs,  whereas  general 
accessibility  to  employment  locations  may'be  the  important  factor  in 
determining  site  rent.  In  the  short  run,  site  rent  is  fixed  by  the 

market.  Many  spatial  location  models  do  not  explicitly  consider 

16 

individual  household  travel  costs,  but  rather  consider  them  lo  be 
a  function  of  the  household  site  (l.e.,  general  accessibility)  with 
no  reference  to  specific  trip  destinations  for  a  huusehold(s)  on  that 
site.  In  the  aggregate,  this  is  equivalent  to  liypothcsizing  that  a 
household  found  on  a  given  site  is  equally  likely  to  be  employed  in 
any  job  in  the  urban  area.  If  households  and  employment  arc  con¬ 
sidered  homogeneous,  this  is  reasonable. 


Urban 


Locational  cost  surface  (CS)  for  cross  section  AA 
land  rent  and  work  travel  costs  in  dollars  per 
vear  at  two  alternative  work  locations ) 
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As  ran  be  seen  in  Figure  2,  our  household,  ii  employed  at 
location  1  (near  city  center),  would  be  fairly  indifferent  about  its 
preferred  location  if  it  were  attempting  to  minimize  its  net  loca¬ 
tional  cost.  Note  that  in  adding  the  two  costs,  wc  arc  assuming  the 
household  is  Indiiferent  to  Locations  having  the  same  total  cost 
--  i.e.,  it  is  indifferent  to  the  particular  mix  of  travel  cost  and 
site  rent.^^  That  is,  the  (top)  solid  line  in  Figure  2  describes  the 
urban  cost  surface  for  all  employees  of  establishments  at  location  1. 

If  employed  at  location  2,  a  rational  household  would  restrict 
his  locational  search  to  the  "A"  side  of  town  and  avoid  the  A* -side 
altogether. 

Consider  the  dynamics  of  this  process.  Assume  the  only  changes 
in  the  urban  area  from  time  ^  to  td-l  are  the  tntroducti  n  of  addi¬ 
tional  employees  at  locations  1  and  2.  Workers  at  location  1  (assuming 
they  all  have  identical  cost  surfaces),  other  things  being  equal,  will 
distribute  themselves  evenly  (roughly)  about  the  city  (assuming  all 
axes  passing  through  location  1  have  the  same  cost  surfaces  as  AA'). 

On  the  other  hand,  the  workers  at  2  will  all  bid  for  sites  on  the  "A" 
side  of  town.  It  may  be  that  the  number  of  households  bidding  on  a 
particular  set  of  sites  exceeds  the  number  of  available  sites.  If 
that  is  the  case,  in  a  market  with  perfect  Information,  the  site 
rent  will  be  bid  upwards  until: 

(1)  All  households  bidding  on  that  set  of  sites  arc  able  to 
be  accomnedated  on  the  set  of  sites,  and 

(2)  No  less  expensive  sites  exist  in  the  city  for  households 
employed  at  location  2. 

Assuming  travel  costs  are  invariant  with  the  supply  of  sites, 
the  total  cost  surface  will  increase  by  the  amount  of  increases  In 
individual  site  rents.  Everyone's  rent  surface  increases  at  that 
set  of  sites  (by  an  equal  amount),  regardless  of  employment  location. 

In  the  long  run,  it  can  be  shown  that  botli  density  and  site 
rent,  rather  than  being  "fixed"  by  tlie  market,  vary  with  general 
accessbi 1 1 ty .  Hence,  an  urban  area  which  historically  (due 
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to  natural  harHars,  rail  heads,  certain  kinds  ui  economics  of  scale, 
etc.)  h-id  found  most  of  Its  establishments  and  employees  located  In 
St  particular  (central)  place,  also  tended  to  grow  so  that  densities 
and  alte  rents  were  highest  in  the  center  and  diminished  uniformly 
as  one  moved  out  from  the  center.  In  addition,  the  slopes  of  the 
travel-cost  curves  (see  Figure  2)  were  much  steeper,  further 
Increasing  the  degree  of  centrality  in  the  urban  area. 

Consider  the  implications  of  forces  leading  to  the  decentrali¬ 
zation  of  economic  activity  in  an  urban  area;  availability  of 
aeveral  modes  of  intercity  transportation  --  interstate  highways  and 
airports  on  the  outskirts  of  urban  areas  --  land  area  requirements 
of  labor  intensive  and  many  consumer  oriented  firms  for  employee  and 
customer  parking,  etc.  This  decentralization  of  economic  activity 
leads  to  decentralization  of  residential  units  as  well.  The  dramatic 
decrease  in  intracitv  transportation  costs  (slope  of  travel-cost 
curves)  attributable  to  the  automobile,  as  suggested  above,  further 
flattens  the  urban  rent  (cost)  surface,  representing  another  set  of 
dispersing  forces. 

Independently,  Increased  decentralization  of  economic  activities 
and  decreased  'ntercity  travel  costs  would  lead  to  a  sprawling  urban 
area  with  multiple  centers  and  islands  of  intensive  site  use.  Together 
they  accelerate  It.  /  theory  of  urban  spatial  location  must  not  only 
be  able  to  explain  or  describe  the  forces  of  centralization  and  urban 
concentration,  but  if  it  hopes  to  be  useful  to  policy  makers,  it  must 
reflect  the  forces  of  dispersal.  Because  of  relatively  recent  changes 
in  intracity  transportation  costs  (post-World  War  II  and  the  auto¬ 
mobile)  and  in  Intercity  transportation  alternatives,  models  whose 
parameter  values  are  heavily  dependent  on  historical  values  may  be 

extremely  inappropriate  for  describing  or  predicting  future  changes 

1 8 

in  spatial  organization.  T.O.M.M.  has  as  an  explicit  objective 
the  explanation  of  changes.  Hence  the  model  structure  and  parameter 
values  will  be  strongly  influenced  by  the  postwar  experience. 

We  have,  at  this  point,  considered  but  two  kinds  of  coats  -- 
urban  land  rent,  fixed  by  the  market  in  the  abort  run,  and  home-to-work 
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travcl  Lusts.  In  completing  the  theoretical  treatment  of  residential 
location  decisions,  tlic  following  Items  will  be  incorporated  into  the 
theory: 

1.  Land  Rent  Changes 

Xlie  concept  of  changes  in  land  rent  for  particular  sites 
based  on  demand- supply  imbalances  will  be  introduced  to  g. /e 
the  theory  some  long  run  validity, 

2.  Site  Amenities 

Particular  benefits  and  costs  associated  with  particular 
sites  will  be  Introduced  as  crucial  determinants  of  location 
decisions. 

3.  Mulciple  Trip  Purposes 

By  positing  different  trip  destinations  for  households, 
the  role  of  trips  other  than  work  trips  (shopping  trips,  etc.) 
in  the  Location  decision  will  be  introduced, 

4.  Income  and  Budget  Effects  --  Household  Stratification 

By  stratifying  households,  partially  by  Income,  we  will 
be  attempting  to  reflect  differences  among  household  types  in 
valuations  of  the  various  costs  (and  their  mix)  associated  with 
locational  decisions.  The  introduction  of  different  preference 
functions  (valuations  of  costs  and  benefits)  should  also  capture 
the  effect  of  household  budget  constraints  on  locational 
decisions. 

5.  Site  Aggregation 

Partly  due  to  computer  storage  limitations  and  partly 
because  of  data  availability,  Individual  sites  are  aggregated 
Into  larger  areal  units  (census  tracts,  for  example).  Property 
within  an  areal  unit  is  assumed  to  be  homogeneous  for  any 
particular  household  type  (but  not  across  household  types). 
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Mouschold  Locational  Valuation 


The  theory  of  residential  location  behavior  as  revealed  at  this 
stage  o£  the  analysis  is  that  households  (of  a  given  type)  locate  in 
such  a  way  as  to  minimize  total  costs  (or  maximize  benefits)  associated 
with  their  locational  decision.  In  other  words,  households  tend  to 
pick  the  lowest  point  on  their  locational  cost  surface  (see  Figure  2). 

A  household's  coating  of  its  locational  surface  at  any  given 

site  in  the  urban  area  is  said  to  consist  of  the  sum  of  two  costs: 

(a)  Rent  for  land  and  improvements  at  the  jite  (set  by  the 
urban  property  market); 

(b)  Travel  costs  from  the  household's  place  of  employment. 

Define : 

TLCV(L,I,J)  as  the  total  locational  cost  valuation  at 

location  I.  for  a  type  L  household  (principally) 
employed  at  location  J. 

ACCESS ( I, J, MM)  as  the  relevant  measure  of  accessibility  of 
location  1  to  location  J  (some  function,  MM. 
discussed  above,  of  distance,  travel  time, 
etc.),  where  accessibility  is  directly 
related  to  distance. 

MVAL(L,I)  as  market  value  of  land  and  Improvements  for  a 

site  at  location  for  type  L  households. 

This  assumes  that  improvements  on  particular 
sites  are  homogeneous  over  all  sites  found  at 
location  J[,  for  households  of  type  L  (only). 

Then , 

(1)  TLCV(L,I,J)  =  fj^[ACCESS(I,J,MM),  MVAL(L,I)]  . 


In  addition,  certain  characteristics  peculiar  to  particular  loca¬ 
tions,  are  Important  elements  of  the  total  locational  cost  valua¬ 
tion  (TLCV)  for  a  household.  Although,  In  some  sense,  the  list  of 

20 

such  site  amenities  Is  particular  to  the  city,  let  us  le’entify  a 
few  that  seem  generally  relevant: 
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as  portion  oi  buildings  deteriorating  or 
dilapidated  at  location 

as  quality  and/or  quantity  oi  (public?) 
school  facilities  at  location  ^ 

as  quality  and/or  quantity  of  public 
facilities  (parks,  sewers,  paved  streets 
and  sidewalks,  etc.)  at  location 

as  portion  of  households  (neighbors)  of 
a  type  similar  to  the  locating  household, 
at  locttion  jt 

With  these  additions, 

(2)  Il£V(L.I,J)  .  f'  [^ccESsil.J.m)’  DETR(I), 

sCT"Wi),  piwpcd).  . 

This  relationship  can  be  seen  graphically  in  Figure  3  for  a  given 
household  type,  L,  employed  at  location  1.  Figure  3  desmonstrates 
the  effect  of  partitioning  Che  urban  area  into  locations  or  areal 
units  (aggregates  of  individual  sites  ■*  set  of  1.'^)' 

Figure  3  gives  the  values  of  TIvCV(L,I,l)  over  all  I'«  on  the 
axis  AA' .  Note  that  area  (site)  amenities  can  have  either  a  positive 
or  negative  effect  (cost) . 

For  the  moment  let  us  retain  the  assumptions  that  the  value 

(cost)  of  site  and  improvements  is  fixed  by  the  market  and  that  work 

trips  are  the  only  travel  costs  associated  with  location.  For  the 

moment,  let  us  also  assume  we  know  the  number  of  household  units  of 

21 

a  given  type,  L,  employed  at  EY(L,J). 

It  seems  clear  that  the  number  of  households  desiring  to  locate 
at  1  is  a  function  of  an  aggregate  of  individual  locational  cost 
valuations  of  areal  unit  I.  Define  this  aggregate  valuation  as; 


Define ; 

DETR(I) 

SCHOL(I) 

PUBFCd) 

WliTTfL.l) 

NTT(I) 
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TCS(L,1)  total  root  aurlace  at  I,  as  "collectively  valued" 

by  houiiciiolds  of  type  !>. 


(3) 

(^) 


TCS(L,I) 

'fCS(L,I) 


N 

gt  s  TLry(i,,i,j)l 

j-i 


y  £■  r_ - ^ - - - 

.  l'' ACCESS  ( I,  J, MM) 


SCHOL(I),  PUBFC(I), 


,  MVAE(C,1),  DETR(I> 
NTTd)  J  * 


) 


The  functional,  g,  IndicaCca  the  fflethod  of  aggregating  individual 
valuation  fiinctlona.  We  arc  attempting  to  aggregate  the  coat  valuation 
elements  [KVAL(L,1),  for  example]  in  Individual's  preference  (valua¬ 
tion)  function  to  form  a  preference  Index  for  a  bundle  of  goods 
[TliCV(L,l,J)]  ,  then  attempting  to  use  these  indlcca  to  order  different 
bundles  of  goods  [to  order  all  areas,  I,  In  TIiCV(L,l,J)]  for  a  given 
individual,  and  finally  aggregating  over  "all"  individuals  to  form  a 
collective  preference  for  individual  areas.  To  do  this,  we  will 
assume  a  particular  form  for  a  individual's  utility  function.  In 
particular,  we  assume  TLCV(L,1,J)  to  be  linear  and  homogeneous  in  the 
valuation  elemcntj; 


(S)  TLC^(1..I.J)  -  O,  *  XccEssii.j.m)  *  “z  *  '"'“•"■•O 

+  P(L)  ♦  DETR(I)  +  WS(L)  *  SCHOl.(I) 

WPF(L)  *  PUBFCd)  +  Q(L)  *  . 

That  the  aggregation  problem  is  crucial  In  the  modeling  of 
systems  of  soclsl  choice  is  not  an  unknown  difficulty.  A  reasonably 
common  way  to  cope  with  such  problems  Is  to  restrict  the  applica¬ 
bility  of  aggregate  relationships  [TCS(L,l)'sl  fo  those  situations 
where  aggregations  are  meaningful.  This  general  consideration  argues 
that  when  we  aggregate  TLCV(L,I,J) 'a  to  get  TCS(L,I)'8  we  must  aggre¬ 
gate  over  groupa  of  individuals  who  arc  likely  to  be  homogeneous  in 
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thclr  VA  lust  Ion*  and  hehavtui'.  Thlh  mcdns  that  valuations  of  location* 

within  a  parttr.ular  a^gr«Katiun  ul  inUlvidualB  must  lisv  and  tall 

toagther  over  the  rsngp  of  a liernatlveB  and  not  cancel  one  another, 

72 

Thua,  it  any  aggregation  la  to  be  tneanlnglu]. ,  it  must  be  over 
"similar"  individuals,  Tht*  knn»ral  conBldcratiun  not  only  ^^uatilies 
dl aan^reaMElnit  by  household  types,  !,,  it  requires  it.  And,  Incl- 
dantly,  It  provides  a  guide  for  pdtiitioning  ImuaeUoldii  lute  types,  L. 

If  we  aiiume  that,  over  the  range  of  possible  locations,  I, 
TLVC(L,I,J)  I*  a  cardinal  (dl»)utlllty  measure  with  respect  to  location 
for  a  type  L  household  employed  at  J,  and  the  same  measure  (function) 
holds  for  all  type  L  workera  regardless  of  employment  location,  then 
It  mokes  etfiSe  to  aggregate  TLCV(L,I,J)  over  all  such  individuals, 

N 

TCS‘(L,l)  *  I  [EY(L,J)  *  TU:V(L,I,J)1 


where 

EY(L,J)  is  defined  as  the  number  of  type-L 

households  employed  at  J, 


If  we  modify  the  definition  of  tCS'(L,l)  to  mean  the  cost  valuation 
or  total  rent  surface  of  the  '^typical"  type  1,  household, 
r  T 


TCS(L,I) 


N 

Z 

J-l 


N 

Z  EY(L,K) 


*  TLCV(L,1,J) 


LK-1 


or 
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TCS(t.,I) 


^ 

•  1 


* _ 

N  ACCESS ( 

EY{L,K) 

K»1 


-i—l 

iS(l,J,MM)  I 


..V,*  V 

>  EY(1.,K) 


•f  P(L)  *  7.  —  ★  DETR(1) 

J-l  ” 

^  7  EY(L,K) 


+  WS(L)  *  I  — 

t  1  " 

v  EY(L,K) 


*  SCHOL(I) 


+  WPF(L)  *  I  —  *  TUBFCCD 

7  EY(L,K) 


/  N  NTl'd) 

r  EY(I-,K) 


Simpli  (yliig, 


(7)  TCS(L,I)  “  OjL*  i-  N  ACCESS ( I, J, MM) 

I  EY(L,K) 

K-1 


+  o„  *  MVAl,(L,I)  +  l'’(L)  *  DETR(I)  +  us'd,)  *  SCIIOL(I) 

L  u 


+  WrF'(L)  *  PUBFC(I)  +  Q'(L)  * 


•22- 


TKe  £onaul<tlon  of  the  problwi  ceprssented  by  (7)  tnaUeo  Ic 
citar  how  Che  model  should  be  modified  to  include  non-work  <;rip 
con side rat ions  in  household  loceCionsl  decisions.  If  we  sssuiae  cose 
of  access  Co  cotamercial  actlvicy  (shopping  trir's,  etc.)  is  important 
and  Chat  an  appcopciace  measure  of  coenercial  acCivity  is  number  of 
esployees,  (7)  bccomss: 


(8) 


TCS(I-,I) 


r  _ i _ 

,  N  ACCESS ( I, J, MM) 

L  EY(L,K) 

K-l 


or 


3L 


N  M 
*  Z  T 
J«l  K-l 


ERRM(K.J) 
ACCESS ( I, J,MN) 


®2L  *  *  DETR(1) 


+  Wrf(L)  *  SCHOL(I)  +  WPP'(L)  *  PUBFC(L) 


+  *  MHrr<L»i} 

+ 


where 

£RRM(K,J)  is  defined  as  Che  number  of  endogenous, 

coninercial  employees  of  type  K,  located 
in  areal  unit  J.  As  described  above, 
three  types  (K^  of  endogenous  conmercial 
employees  are  considered  in  Che  present 
version  of  T.O.M.K.  (M  -  3) . 

Income  and  hi.  ^ec  effects  have  been  introduced  by  stratify  ini’ 
households  into  types  (L's),  site  aggregations  have  been  dealt  with 
(h  areal  units  or  site  aggregations),  as  have  site  amenities,  and 
non-work  trips.  These  are  all,  in  some  sense,  operational  variables 
in  Chat  one  can  easily  move  from  the  variable  definitions  In  the 
text  to  data  sources,  given  appropriate  areal  unit  definitions  (such 
as  census  tracts).  Many  loose  ends  remain,  however.  We  have  not 
arrived  at  an  appropriate  definition  -f  marker,  value  or  specified 
how  this  component  of  the  rent  surface  changes  in  reapoi.ac  to 
demand-supply  imbalances.  While  we  have  discussed  specific 
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excigenous  [EBUR(I)  £ind  ElNDd)*]  4nd  endogenous  [EIUtH<K,I)l  (-mploy- 
ment  types,  we  have  no^  discussed  how  we  move  from  that  to  “house¬ 
holds  employed  at  a  given  location,"  [EY(L,1)1.  And,  finally,  the 
total  cost  surface  [TCS(I.,I)1  may  be  defined  in  soae  sense,  but  we 
have  yet  to  relate  this  to  household  location  decisions  and  land  use. 

To  do  so  involves  introduction  of  supply  considerations  (zoning  and 
density  considerations,  etc.),  land-use  intensity  factors  (single 
family  vs.  multiple  family  units),  econotnic  competition  for  land 
(rcsidenti.a  1  vs,  commercial  uses),  and  overall  model  solution  pro¬ 
cedures.  The  loose  ends  will  be  dealt  with  in  the  above  order. 

Land  Rent  and  Changes  -  MVAL(L.I) 

24 

Perhaps  the  most  Intractable  problem  faced  by  T.O.M.M.  hinges 
on  qualitative  differences  in  the  supply  of  housing.  More  specifi¬ 
cally,  one  important  component  of  the  market  value  of  land  relates 
to  tho  nature  of  Improvements.  How  many  rooms  does  a  housing  unit 
have?  Vfhat  is  the  quality  of  construction  and  landscaping?  Is  the 
unit  a  single-family  residence  or  part  of  a  multiple  family  structure? 
The  problem  is  partially  one  of  available  data.  In  any  event,  we 
will  "deal"  vith  the  p'-oblem  of  making  heroic-but-reasonablc  assumptions. 

We  assume  that  the  supply  of  housing  within  an  areal  unit  is 

homogeneous  within  a  particular  household  type,  L,  with  regard  to 

25 

market  value.  By  utilizing  available  census  data  fully  one  can 

26 

obtain  a  dollars/unit  figure  for  households  of  a  given  type.  We 
assume  that  when  a  household  estimates  market  value  for  an  area,  he 
only  looks  to  that  part  of  the  housing  supply  "appropriate"  for  his 
type  of  household.  Here  again,  we  assume  that  variations  about  the 
average  coat  per  unit  for  a  given  household  type  are  random,  with 
zero  mean,  and  reflect  taste  differences  within  the  household  cate¬ 
gory  (which  are  much  smaller  than  taste  differences  between  categories). 
This  is  equivalent  to  saying  that  the  urban  housing  market  consists  of 

several  (one  for  eacl^  type  of  household,  L) ,  non-overlapping  markets 
designed  to  serve  different  kinds  of  households.  A  larger-than-average 
yard  may  Increase  the  cost  slightly,  etc,,  but  not  significantly.  If 
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we  assume  the  present  value  of  a  stream  of  expected  current  and 
future  rents,  discounted  to  reflect  rates  of  return  and  risk,  equals 
purchase  price  then  it  does  not  matter  if  rent/unit  or  purchase 
price/unic  is  used  for  KVAL(L,1). 

We  may  now  ask  how  the  market  value  of  a  particular  supply  of 
housing  units  changes  over  time.  It  is  clear  that  if  fewer  house¬ 
holds  are  located  in  an  area  than  there  are  housing  units,  prices 
will  fall.  Assuming  structures  do  not  disappear  and  are  immobile, 
the  drop  in  housing  unit  prices  in  an  areal  unit  should  be  related 
to  the  decline  from  the  previous  period  in  households  locating  in 
that  area.  Conversely,  if  the  number  of  households  desiring  to 
locate  in  a  given  area  exceeded  available  housing  units  or  led  to 
residential  densities  which  exceed  zoning  codes,  the  result  wo"ld  be 
an  Increase  in  market  value.  If  an  Increase  In  housing  units  were 
necessary,  and  if  the  number  of  unit?  involved  could  be  constructed 
during  the  relevant  time  period  (t-l  to  t)  which  did  not  result  in 
density  excesses,  it  is  assumed  that  any  new  units  would  be  made 
available  at  the  current  market  price. 


(9) 


MVALa.I)^  -  MVAL(L,I)^_j  - 


NH(L,I) 


t-l 


Nr(L,i)j..^ 


4  B  * 
2L 


(1  H,CTOS(..x,,..,). 


NMAX(I) 


NMAX(I) 


where 


B^j^  -  0  if  <  0. 


LH 


e  -  0  if  NMAX(I)  >  Z  hJrCS(L,I)j._^] 

L“l 


Define : 


f 


* 

I 


r  f- 


a 

f 

V 

I: 

f  • 


I 


i  f 
1  f 
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NT(L,I)  as  the  number  of  households,  type  L,  located 

^  in  areal  unit  I  at  the  end  of  the  last  analysis 

period  (t-1) , 

KMAX(I)  as  the  maximum  number  of  households  (housing 

unitsX  that  can  be  held  in  I,  based  on  the 
total  area  and  the  residential  zoning  patterns 
in  1  (to  be  described  more  completely  below) 

--  the  holding  capacity  of  I. 

hj^[TCS(L,  j  as  the  functional  which  converts  the  total 

cost  surface  for  household  type  L  Co  the 
number  of  such  households  desiring  to  locate 
in  I  during  period  (t-l)  --  the  household 
demand  potential  of  I.  during  Che 

solution  procedure,  calculates  a  hourehold 
potential  for  each  analysis  area  I  and  for 
each  household  type  L,  irrespective  of 
locational  constraints.  Where  constraints  are 
violated,  excess  households  are  relocated, 
hj^  calculates  this  potential.  The  exact  form 
of  hL  will  be  discussed  at  length  below,  (14), 

NH(L,I)t.i  -  N'KL.l)^  -  NT(L,I)t.i 

Note  that  there  is  a  one-period  time  lag  between  the  demand- 
supply  Imbalance  (at  t-l)  and  subsequent  price  adjustments  (at  t) 
in  (9).  This  response  lag  represents  the  presence  of  contracts, 

leases,  and  construction  lags  in  the  urban  property  market  (as  well 

27 

as  a  computational  convenience). 


I 

■* 

t 

1 


i 


Households,  by  Employment  Location 

In  the  absence  of  much  greater  employment  or  occupation  detail, 
we  will  assume  a  simple,  linear  relationship  between  household  types 
and  employee  types. 

M 

(10)  EY(L,I)  *  f  [C?(K,L)  *  ERRH<K,I)1  +G’(M+1,L)  *  EIND(I) 

K-1  I 

+  G'(M+2,L)  •*  EBUR(I)  .  * 

where  the  G's  are  empirically  estimated  parameters. 


9 
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(10)  implies  that  each  employee  of  a  given  type  generates  G(  ,L) 
households  of  type  L.  Observe  that,  sunning  ovor  all  areal  units, 

(10)  becomes; 

N  M  N 

(11)  Z  EY(L,I)  -  r  [C^K.L)  *  Z  ER»M(K,I)1 

I-l  K-1  I-l 

N 

+  (?(M+1,L)  *  Z  EIMD(I) 

I-l 

N 

+  Cf(M+2,L)  *  Z  EBtJR(I)  . 

I-l 

If  we  assume  chat  households  with  no  employees  and  households 
with  more  chan  one  employee  are  distributed  spatially  in  exactly  the 
same  way  as  households  with  exactly  one  employee,  then  it  is  reason* 
able  Co  use  (11)  to  forecast  or  generate  population  as  well. 

Because  of  this  feature,  it  may  be  wise  to  use  cross  sectional  data 
from  a  sample  of  similar  cities  to  estimate  the  G's  in  (12)> 


M  N 

(12)  TNHH(L)  s  Z  Cg(K,L)  *  Z  EFJW(K,I)] 
K-1  I-l 


N  N 

-k;(m+i,l)  *  z  Eitrod)  +g<m+2,l)  *  z:  ebur(1) 
I-l  i-i 

where 

TNHH(L)  is  defined  as  Che  total  number  of  house¬ 

holds,  type  L,  in  the  urban  area  during 
the  analysis  period. 

We  are  now  in  a  position,  using  (12),  (11),  (9),  and  (8),  to 
consolidate  our  definition  of  TCS(L,I).  We  shall  do  this  in  the 
next  section. 
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Residential  Location  Decisions 

The  total  cost  eurt'acc,  by  household  type  [TCS(L,1)]  is  now 
well  specllled.  Referring  back  to  our  previous  discussion,  only  a 
portion  of  all  existing  households  are  considered  mobile  Cron  the 
beginning  of  one  period  to  the  beginning  of  the  next.  Define 
NHS(L, 1)  as  the  number  of  stable  or  immobile  households  In  an  area. 
T.O.M.M.  essentially  consists  of  an  Iterative  solution  procedure 
which  begins  an  analysis  period  with  a  city  containing  exogenous 
employees  and  stable  (Immobile)  households.  The  stable  households 
are  the  first  trial  total  for  the  household  distribution  In  the  city, 
during  the  analysis  period: 

NHrT(K,I)  -  NHS(L,1)  . 

Endogenous  commercial  employment  Is  calculated  (see  discussion  below) 
based  on  the  city's  population  characteristics  [NHrr(L,I)  '  s') .  Rela¬ 
tionship  (12)  is  then  used  to  calculate  a  population  total. 

N  N 

(I2a)  XNHHU)  -  Z  NHTT(L,I)  +  I  NH(L,I)  . 

I-l  I-l 


The  modifications  In  trial  totals,  NH(L,l)'s,  are  then  calculated 
using  the  total  cost  surface  values  rTCS(L,I)1  to  achieve  a  new  set 
of  trial  totals,  such  that  (I2a)  holds. 

NHTT'(L,I)  -  NHTT(L,I)  +NH(L,I)  . 

This  procedure  Is  repeated  until  a  "solution"  (to  be  defined  below) 
Is  reached.  The  calculation  of  the  locating  and  relocating  house¬ 
holds,  NH(L,I),  Is  what  will  now  be  described. 


The  precise  definition  of  h,[TCS(l,I)  1  as  referred  to  In  (9) 

la  C 

and  (14)  should  be  presented  here.  The  household  trial  total  calcu¬ 


lated  for  an  area  In  the  previous  analysis  period,  NHrT'(L,I)j. 


before  being  subjected  to  density  and  Iwpoblle-household  constraints. 


Is  used  as  the  potential  population  for  the  area.  The  magnitude  of 
subsequent  price  increases  in  that  area  is,  in  (9)  and  (14),  related 


-28- 


to  the  difference  between  these  potentials  and  what  the  area  can 
actually  hold: 

LH  Ui 

2  h,[TCS(L,I).  ,]  -  NHAX<I)  -  Z  NWTT'tL,!)^  ,  -  MMAX(l). 

L.L  C-l 

“•I  L*l 

At  any  given  point  in  the  solution  procedure,  a  number  of 
iKHtFeholdB  {+  or  -)  must  be  located  in  areal  units. 
representing  the  average  total  cost  of  housing  in  area  1  for  house¬ 
holds  of  a  given  type,  forma  the  basis  for  the  locational  decisions, 
In  particular,  one  expects  the  following: 

icsoTi) 
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1 


Con8oUd«tinR  our  notions  ol  TCS(L,I),  using  <8),  (9),  (11). 
(12),  and  (13),  the  following  form  seems  approprinti*  for  parameter 
eatlnvatlon  using  linear  regresaion  tectinlques: 


(U)  NH(L,1)  ■  Wm(L)  *  i  ^ 


R»IW(J) 


TNKH{L)  ACCESS < I, J,l«) 


+  wiMD(L)  *  z  IS#  *  77:;:^ 


j_j  TNHH(L)  ACCESS(I,J,MM) 


j.  £  WCOHfK  Ti  *  r  J)  .  _ _ 

^  TNHH(L)  ACCESSd.J.MN) 


I 


fuTd,!)  ,  .  NT{L,I)  ] 
V(L)  *  MVALCL.I)  .  V1(L)  *  - 


+  V2(L)  * 


NMAX(l) 


NMAXd) 


1  P(L)  *  DET«d)  +  WS(L)  *  SCHOL(I)  +  WF<L)  *  PUBFCd) 


+  11(1.)  * 


NTq.i) 

LH 

z  »r(L,i) 

L-l 


+  CONST (L), 
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wh*re: 

WBW(L)  «  *  G(M+2,L)  * 
WI!®<L)  -  T-j  *  G(M+1,L)  * 
WC0M(K,L)  -  OTjj^  *  ®l  *  <^0 

?<L)  -  ®2L  *  ^ 

^i<L)  "  ' 

-  0.  i£  KT<L,I)^.^  > 
V2(L)  -  PjL  *  ^ 

LH 

-  0,  If  HMAX  >  E  h 

“  L-l 


P(L)  -  P'(L)  *  Y  <0 

WS(L>  -  WS'<I.)  *  Y  >  0  ? 

MPF(L)  ■  WPP'(L)  *  Y  >07 

Q(L).Q'(L)*Y  7 

C0(IST(L}  >  0 


Zn  •■tlaacl.ng  paraaeters  In  (14),  N}i(L,l)  refers  to  the  change 
in  households  of  type  L  (4  or  -)  in  an  area  fron  one  cine  period  to 
Che  next  where  the  Length  of  time  is  identical  to  the  analysis 
period  to  be  used  in  applications  of  T.O.M.H. 

On  first  glance,  it  would  appear  that  substantial  problens  may 
exist  with  relationship  (14).  For  instance.  In  the  long  run,  market 
value  of  land  and  Improvements  adjusts  to  changes  in  travel  costs. 
Indeed,  it  is  precisely  this  adjustment  process  we  are  attempting  to 
describe.  If  the  location  costs  associated  with  a  particular  area 
get  too  far  "out  of  line"  CcONST(L)  -  TCS(L,I)1,  it  is  a  price 
adjustment  process  which  prevents  everyone  from  moving  in  or  from 
moving  out  of  an  area  (9).  In  Che  long  run  (with  all  such  adjust¬ 
ments  made),  It  Is  clear  that  Che  average  locational  costs  associated 


Predicted  values 

Y  <0 

Y  <0 

K,L)  *  Y  <0 

<  0 
<  0 

NT(L,I)^_2 

>  0 
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wlt.h  SACti  area  would,  throu((h  pricr  dd  lustmunts  caused  by  over¬ 
crowding  or  vacancies  (9),  reach  a  constant  level  -- 

TCS<L,I)  “  CONST(L)  ,  for  all  I 

--  and  there  would  be  no  motivation  for  anyone  to  move  --  «  0., 

for  all  1.  On  the  other  hand,  vc  have  scgtied  that  substantial  imper- 
rectiuns  eKisl  in  utl>ai)  pcupei'ty  msrkelu.  Not  all  households  are 
free  to  move,  in  the  short  run.  Contracts  and  leases,  construction 
lags,  imperfect  Infomatlon,  and  the  like  make  price  adjustments  less 
than  instantaneous.  Changes  in  the  exogenous  employment  sector  bring 
about  changes  in  the  costs  affecting  location  deciaions,  keeping  the 
market  in  inore-or- leas  constant  disequilibrium. 

Nevertheless,  the  long  run  tendency  of  XCS(L,I)  to  seek,  a 
constant  value,  over  all  I,  undoubtedly  will  cause  collincarity 
problems.  The  severity  of  these  problems  relate  to  the  speed  of  the 
market  adjustment  process  and,  hence,  the  time  span  encorapassed  by 
the  change  variables  CNH(L,I)3  used  In  estimating  the  cuefficlentn 
of  (14).  Unfortunately  the  problem  isay  ultimately  rest  more  with 
the  collinear  nature  of  the  real  wrld,  and  not  so  much  with  our 
model  specification. 

Residential  Location  Constraints 

By  allowing  only  a  portion  of  residential  activities  (householda) 
to  (re) locate  in  a  given  analysis  period,  T.O.M.M,  provides  a  set  of 
minimum  constraints  on  residential  land  use  -•  residential  activity 
in  a  given  area  at  the  end  of  an  analysis  period  consists  at  least  of 
those  households  considered  lusnobllc  during  the  period  [MMS(L,I)1. 

(15)  NH(L,I)  +NirrT(L,I)  >NHS(L,I). 

On  the  other  hand,  it  is  obvious  other  constraints,  setting 
upper  limits  on  the  changes  from  one  period  to  the  next,  exist. 

Some  are  market  constraints.  It  takes  time  to  plan  and  construct 
housing  units,  especially  in  large  quantities.  Construction  lags 
limit  growth  in  any  one  area.  Important  non-market  constraints  exist 
as  well.  Primarily  these  consicC  of  municipal  jsonlng  regulations 
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liattlng  the  type  and  Intenalty  ol  lend  uec  In  an  area.  While  not 
aifectlnii  exiating  uaea  (non-conforming  lectd  uacii  ere  provided  for  In 
moat  Koning  ordinencea  through  granted  variancea  and  the  non-retroactive 
necure  of  the  tew),  toning  taws  conatrain  all  changca  in  locational 
activity  in  a  diatrict. 

A  given  areal  unit  I  is  partitioned  Into  a  diajolnt  and  exhaustive 
eat  of  eonlng  districts, 

AT(I)  total  area  included  in  1. 

A2R1(1)  area  zoned  for  single  family  (detached) 
reaidcntial  uae 

AZR2(1)  area  zoned  for  duplex  and  row  houac 
reaidential  uae 

AZR3(I)  area  zoned  for  multiple  family,  hi-risc 
aparCRcnta,  and  special  residences 

A2C(I)  area  zoned  for  conmvrcial  (endogenous) 
activity 

AZSl(I)  area  zoned  for  inatltutlonal ,  special,  and 
industrial  (for  exogenous  activity) 

AZC(I)  area  zoned  for  public  and  governmental 
uses  (acreetA-,  parks,  etc,) 

AU(1)  unusable  land  in  areal  unit  1  (steep  hill¬ 
sides,  bodies  of  water,  swamps,  etc.) 

AT<I>  ^  AU(l)  +  AZRl(I)  +  AZR2<I)  +  AZR3(I)  +  AZC(I) 

+  A2SI(I)  +  A2G(I)  . 

It  is  possible  to  work  uirectly  from  a  municipal  zoning  map  to 
calculate  values  for  the  above  areas.  The  principal  difficulty  lies 
in  subtracting  unusable  land  from  each  of  the  land  use  categories. 

Zoning  ordinances  are  such  that  one  moves  from  a  highly  restricted 
category  (AZRl)  towards  increasing  pe/nnisaivenets.  For  example,  area 
zoned  comercial,  AZC(I),  penaita  all  types  of  reaidential  uaage  as 
well.  Hultlple-family-dwelllng  unit  districts,  AZR3,  also  pecnit 
single-family  detached  units.  Single-family  districts,  AZRl,  permit 
only  single-family  residences  however. 
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In  order  to  approprltttely  handle  the  progressivcly-rcstrictive 
fi.’rturcB  of  itonlng,  it  la  necessary  to  assume  a  pecking  order  in  land 
use  based  on  the  relative  economic  strengths  of  various  activity 
categories,  First,  activities  In  AZSI  and  AZC  are  assumed  given  and 
arc  exogenous  to  the  model,  as  is  the  unusable  land  area,  AU.  These 
activities  all  represent  potential  policy  variables  however  and  may 
be  manipulated  outsido  of  the  model.  Conincrclal  activities  arc 
assumed  to  be  able  to  hid  away  land  from  any  and  all  rcBideritlal 
uses  if  necessary.  Zoning  laws  arc  such  Chat  they  put  maxlmums  on 
use  intensity  (building  height  limitations,  minimum  lot  sizes,  etc.). 

1C  is  assumed  consnerdal  activity  can  go  on  in  a  district  unhindered 
by  residential  uses  and  subject  only  to  the  coimcrcial  zoning  con¬ 
straint,  The  exact  nature  of  this  constraint  will  be  discussed  below. 

While  it  would  be  ideal  if  there  were  a  one-to-one  correspondence 
between  household  types,  L,  and  Che  type  of  housing  unit  desired,  the 
necessary  additional  stratification  of  households  would  place  undue 
strains  on  Che  data,  the  model,  and  computer  storage  capacity.  Inatead, 
we  shall  merely  use  Che  zoning  constraints  to  estimate  Che  "residential 
holding  capacity"  for  a  given  area  --  the  number  of  households  the  area 
can  accommodate  under  Che  zoning  laws. 

Most  zoning  ordinances  contain  density  restrictions  for  the 
various  zoning  categories  --  minimum  lot  sizes  for  single  family 
(detached)  units  in  AZRl  districts  and  maximum  building  heights, 
distance  from  Lot  lines,  etc.  for  AZR3  districts.  From  this  wc  should 
be  able  to  calculate  for  each  type  of  district,  Che  "maximum"  allowable 
density  in  households  per  unit  urea.  The  "residential  holding 
capacity"  (in  households)  of  an  area  is  then, 

(16)  NMAX(I)  -  AZRl(I)  *  ACRl  +  AZR2(I)  *  ZCR2  +  A2R3(I)  *  ZCR3 


ZCRX  is  Che  maximum  density,  in  housing  units  per 
unit  area,  for  ype  K  housing  units. 


where 
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Rcsvdentlal  Holdlna  Capacity  Constrai  t 

Fioa  (13)  we  have  calculated  t  aal  r  of  households,  by  tyjjc, 
desiring  to  (re) locate  in  I.  The  "tt  pntial  holding  capacity 
conatralnt”  la  tnen  applied  to  see  if  ti.  irca,  1,  has  sufficitu:. 
room, 

LH 

(17)  I  [NH(L,I)  +  NHTT(L,I)]  <  HMAX(T)  . 

L-1 

If  (17)  is  satisfied,  the  households  are  located  in  area  1: 

(Ifll  NHTT'n  .I)  -  NHa,I)  +  NHTT(L,I)  . 

If  (17)  is  exceeded,  excess  households  are  drawn  proportionately 
from  the  (re) locating  households. 


(19)  NH'(L,I)  -  (Tj  *  NH(L,I) 


where 


LH 

HMAX(I)  -  [NHTT(L,I)] 

tj*l  _ 

LH 

Z  NH(L,I) 

L-1 


The  excess  households,  CNH(L,I)  -  NH'{L,I)],  ere  first  located 
in  areas  failing  to  satisfy  the  minimum  residential  activity  con¬ 
straint  (15).  After  all  areas  are  brought  up  to  the  minimum,  remain 
ing  excess  households  are  located,  only  in  areas  satisfying  (17), 
on  the  basis  of  the  relative  attractiveness  of  areas  calculated  in 
(13).  Thus,  new  trial  totals  are  achieved  for  all  household  types 
in  all  areas,  using  (18).  Note  that  households  have  been  allocated 
in  such  a  way  that: 

N  N 

(20)  £  NHTT'(L,1)  «  £  CnH(L,I)  +  NHTT(L,I)]  -  rNHH(L) 

I-l  I-l 


as  calculated  from  (12), 
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E.  liOcotlon  of  Endogenous  fanploymcnt 


Desttrid  for  Endogenous  Activities 

1,0, .M.M.  assumes  that  households  generate  certain  market  demands 
Cor  goods  and  services  In  an  urban  area,  which,  In  turn,  generate 
demands  for  employees.  1,0. M.M.  further  assumes  Chat  changes  in 
"demand  Cor  employees"  are  met  by  Increases  In  "output"  (supply  of 
employees)  through  In-mlgration  or  out-migration,  [(12)  and  (21)], 
rather  than  through  changes  in  price  (wages)  or  unemployment  levels. 
Further,  It  is  assumed  that  different  distributions  of  households 
generate  different  demands  for  gooda,  services  and  employees: 


LH 

(21)  ERM(K)  -  Z  A(K,L)  *  TNHH(L) 

L-1 

where 

ERM(K)  is  defined  as  the  total  endogenous  employ¬ 
ment  of  type  K  in  a  region,  and  A(K,L)  are 
empirically  estimated  parameters  reflecting 
differential  demands  of  household  types. 


Cross-section  data  from  comparable  cities  can  easily  be  used  to 
estimate  the  A(K,L)'s  in  (21). 


Distribution  and  Location  of  Endogenous  Employment 

Much  like  households,  certain  endogenous  activity  is  considered 
imnoblle  during  any  analysis  period.  Operationally,  this  means  some 
portions  of  last  period's  employment  totals  must  remain  stao'e: 


(22) 

ER(K,I) 

+  ERRM(K,I)  >  STABC  [EM(K,I)] 

where 

ER(K,I) 

is  defined  as  additional  (+  or  -) 
employees  of  type  K  to  be  located  in 
areal  unit  I. 

EM(K,I) 

is  the  number  of  employees  of  type  K 
located  In  T.  at  the  end  of  the  last 
analysis  period 
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t.O.M.M,  hypothesi«B8  that  the  sole  objective  in  employee 
location  (cBtabtlshmcnt  fomatlon,  location,  and  growth)  is  to 
minimixe  travel  costs  of  customers  (maximizing  accessibility)  subject 
to  minimum  efficient  cstabliahment  size  constraints.  Two  classes  of 
customers  are  assumed:  those  traveling  from  their  household  locations 
and  exogenous  employees  traveling  from  their  employment  locations. 

In  addition,  different  household  types  value  travel  costs  differently 
and  have  differential  attractions  for  establishments.  Reasoning, 
similar  to  that  associated  with  the  travel  cost  portion  of  the  house¬ 
hold  cost  surface,  leads  to  the  following  customer  travel  cost  function 

for  establishment  location  decisions; 

LH 

N  ^  [<?(K,L)  *  NmT(L,J)] 

(23)  Co8t(K,l)  -  ACCESS(I,J,MM) 

+ 

where 

Co8t(K,l)  represents  the  total  travel  costs  associated 

with  customers  for  establishments  with  type-K 
employees,  if  the  establishment  were  located 
at  r. 


ACCESS(I,J,HN) 


It  seems  clear  that  employees  (representing  new  establishments 
or  growth  in  existing  cstabllsSiments)  will  tend  to  (re) locate  ouch 
chat 

[ER(K,I)  +  ERRM(K,I)1  oC 

ER(K,I)  +  ERRM(K,I)  -  -  6  ★  C08t(R,I)  +  CNST(K) 


Figure 


c 
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ER<K.I)  +  ERRM(K,1) 


L  [C(R,L)  *  NHrr(K,J)l 

L-I _ _ _ 

ACCESS(I,J,»0 


.  PI(K)  *  EINP(J)  .  PB(K} .^_EBUii.£J2  ^  CNST(K)  . 

ACCESS<I,J>MN)  ^  ACCESS(1,J,NN) 

where  CNST(K)  represents  a  maximum  feasible  separation  of  type  K 
enterprises  from  its  customers. 

(24)  is  in  a  form  allowing  direct  parameter  estimation  using  linear 
regression  techniques,  if  the  constant  of  proportionality  is  assumed 
to  be  1.0.  The  parameters  in  (24)  --  C(K,L)'s,  D1(L) ,  and  DB(L)  -- 
embody  the  notion  that  different  types  of  commercial  activities  look 
to  different  customers.  Hence,  the  stratification  of  endogenous 
employment  into  the  M  categories  ought  to  reflect  this  tendency. 

Considerations  somewhat  different  than  those  affecting  household 
locations  exist  however.  It  is  at  least  feasible  for  a  one-member 
household  to  survive.  Such  latitude  in  size  at  the  small  end  of  the 
spectrum  is  not  available  to  (endogenous)  commercial  enterprises 
however.  Regardless  of  how  socially  desirable  one-member  (or  zero- 
member)  used  car  establishments  might  be,  evidence  suggests  that 
economies  of  scale  make  survival  of  such  firms  highly  unlikely. 

Using  Lowry's  notion  of  the  minimum  efficient  establishment  slze,^*^ 
to  reflect  such  economies  of  scale  considerations,  endogenous  employ¬ 
ment  of  a  type  K  is  located  in  an  areal  unit  only  if  total  employment 
exceeds  the  minimum  efficient  establishment  size  for  employment  of 


that  type: 


[ER(K,I)  +  ERRM(K,I)1  >  Z(K) 


An  additional  restriction  exists  as  well.  No  endogenous  commercial 
employees  can  be  located  in  an  area  with  no  land  area  zoned  coniaercial 
(where  AZC(I)  -0).  No  maximum  number  of  employees  for  an  area  is 


assumed . 
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ConputaClonal ly  T.O.M.M.  uses  (2A)  to  generate  a  potential  for 
net,  additional  empIoycuB  o£  type  K  in  area  I,  ER'(K,I),  where  the 
constant  of  proportionality  in  (24)  is  such  that  (21)  holds  --  the 
potentials  adds  up  to  the  city-wide  employment  totals.  The  proposed 
total  of  employees  in  an  area  ia  then  subjected  to  the  constraints 
and  conditions: 

i.  [ER'(K,I)  +  ERBM(K,I>]  >  STABC(EH(K, I) ) , 
ii.  [ER'(K,I)  +  ERRM(K,I)1  >  Z(K). 
ill.  [ER'(K,1)  +  ERRM(K,1)J  -  0  if  AZC(I)  -  0. 

If  constraints  i.  and  11.  are  satisfied,  the  proposed  employment 
addition  (-t-  or  -)  is  accepted: 

ER(K,I)  -  ER'(K,I). 

If  i.  is  not  satisfied, 

ER(K,I)  s  STABC(EM(K,I))  -  ERRM(K,I), 

initially  and  if  this  revised  employment  total  falls  11.,  total 
employment  is  set  to  zero  In  that  areal  unit.  All  irrel  units  in 
which  i.,  li.,  or  lii.  were  violated  are  removed  from  further 
consideration  and  any  roaaining  employees  [as  defined  by  (Zl)] 
arc  located  in  those  areal  units  satisfying  1.  and  11.  (and  having 
AZC(l)  >  0),  proportionally,  based  on  potentials  calculated  in  (24). 

An  explicit  description  of  how  Che  theory  and  computations 
embodied  in  the  household  and  endogenous  employmenC  location 
discussions  are  integrated  in  T.O.M.M.  follows. 


Defiled  Detcrlptlon  of  T.O.M.M, 


Figure  6  give*  en  overview  of  the  reletlonihlpe  end  eolutlon  pro¬ 
cedure  labedded  in  T.O.H.M,  What  follows  In  this  section  Is  a  detailed 
description  of  the  Internal  workings  of  each  "box"  In  the  flowchart. 
Musbara  In  the  text  (13.)  reference  Itcata  lit  the  Figure  it  flowchart 
(IS.  Apply  minimum  conatralnts . . . . )  . 

(Insert  Figure  6  here) 


lof^rmatlon  inouta  end  Data  Files 

1.  Eaiplr lea lly -deter Ined  paraacter  values  and  constants  needed 

to  calculate  population  and  employment  totals  and ‘area  popu¬ 
lation  and  endogenous  employsant  potentials  are  read  In  at 
thla  point  and  are  available  for  uae  liter  in  the  prograa 
(13.,  14.,  19.,  21.,  22.).  In  addition,  tolerance  Halts 
for  an  equlllbrlua  solution  are  reed  In  at  thla  tlae  (31.). 
The  number  of  houaehold  types,  LH,  number  of  endogenoua 
coaaerclal  categories,  H,  the  number  of  sreal  units,  N,  and 
the  number  (years)  of  the  Initial  enalyals  period,  (TO,  *nd 
the  final  anelysle  period,  T,  are  alao  read  In  at  tha 
beginning  of  the  study  period.  The  entire  study  period 
cooileta  of  the  period  free  TO  to  T,  where  each  analyats 
period  represents  an  Increment  of  1. 

2.  The  patterns  of  sonlng  representing  restrictions  on  land  uats, 

by  areal  unit  (I),  are  either  read  In  at  this  point,  If  it  Is 
the  beginning  of  a  study  period,  or  are  updated  (signifying 
a  change  In  the  zoning  laws)  If  It  Is  tht  beginning  of  a  new 
analysla  period  within  the  study  period. 


AT(I) 

AO(I) 

AZSI(I) 

AZC(l) 


total  land  area  In  areal  unit  ^ 

unusabla  land  (awampa,  alopea,  bodice  of  water, 
streets,  etc.)  in  areal  unit  I 

area  toned  for  and/or  occupied  by  exogenous  uses 
in  area  unit  1 


area  zoned  comawrclel  and  light  Industrial 
(endogenoua  cocHerclal  activities),  areal  unit  I 


28.  Calculate  Change  in  Triol  Totali 
since  last  prognvn  iteration  for; 


(cont) 


¥ 


K. 


I 


\ 


AZRl(I)  «re«  toned  for  singlc-fAtnlly  dwelling  uniti, 
areal  unit  1 

AZR2(I)  area  sored  for  two-family  and  row  dwelling  unit*, 
areal  unit  1 

AZtl3(I}  area  zoned  for  mult iple -fami 1 y  unita  and  apecial 
reaidencei,  areal  unit  t 

AZCi<I)  area  toned  for  inatitutlonal ,  governawntal  •  and 
public  uaes 

3.  Rccd  projected  exogenous  employment  totals  at  the  start  of 
each  analysis  period  in  the  total  study  period,  for  area 
unit,  I. 

EBUR(I)  total  bureaucratic  I'Ar  white-collar  exogenous 
employment 

ElND(l)  total  industrial  or  blue-collar  exogenoua 
employment 

The  nufflbera  of  current  endogenous,  commercial  employees,  by 
type  (K),  in  each  areal  unit  (1)  are  either  read  in  at  this 
point,  if  It  is  the  beginning  of  a  study  period,  or  are  the 
final  trial  totals  from  the  previous  analysis  period  (330) 
EM(K,I) 

A.  The  numbere  of  current  households,  by  type  (L),  in  each  areal 
unit  (I)  arc  either  read  in  at  this  point,  if  it  is  the 
beginning  of  a  study  period,  or  are  calculated  on  the  basis 
of  firal  trial  totals  (20.,  33.)  from  the  previous  analysis 
period. 

NT(L,1)  households,  type  L,  in  areal  unit  I. 

Initial  Condltiona  at  Start  of  Analysis  Period 

5.  Read  projected  (and  planned)  amenities  or  externalities,  by 
areal  unit  (I),  at  the  beginning  of  each  analyela  period. 

DETR(l)  index  of  deterioration  and  dilapidation  of 
structures 

SCHOL(l)  index  of  educational  facilities 

PUBFC(I)  index  of  investment  In  public  facilities  and 
Improvements  (parks,  streat  lights,  sewers, 
utilities,  etc.) 


»  > 

1 

!< 

\ 

Sh 
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6.  Read  In  current  (or  planned)  acccasiblllty  matrix  for  urban 

area.  Matrix  entries  can  refer  to  travel  time,  I  to  J, 
shortest -route  distance,  airline  distance,  etc.,  depending 
OP  data  aval  lability , 

ACSH(1,J)  time-distance,  areal  unit  1  to  J 

7.  Read  in  knuvfn  and  planned  changes  (-)-  or  -)  in  permissible 

land  user  Cloning  laws)  during  analysis  period,  for  each 
areal  unit  (I). 

DAZSI(I)  change  in  basic  or  exogenous  land  use 

DAUT(I)  change  in  stock  of  unusable  land 

DAZG(I)  change  In  land  devoted  to  public  uses 

DAZC(I)  change  in  land  devoted  to  retail  or  exogenous, 

commercial  uses 

DAZRKl), 

0AZR2(1), 

DAZR3(I)  change  in  land  devoted  to  household  or  residential 
uses 

The  effects  of  these  known  changes  are  then  used  to  calculate 
new  zoning  regulations  for  each  areal  unit. 

AZSI(I)  -  DAZSI(I)  +  AZSI(I) 

AU(I)  -  DAUT(I)  +  AU(I) 

AZC(I)  »  DAZC(I)  +  AZC(I) 

AZRl(I)  -  DAZRl(I)  +AZR1(I) 

AZR2(I)  -  DAZR2(I)  +AZR8(1) 

AZR3(r)  -  nAZR3(I)  +  AZR3(I) 

These  changes  can  result  from  public  decisions  (urban  renewal 
treatments,  etc.)  or  private  (known  plans  of  developers,  etc.) 
act  ions . 

8.  Read  in  known  and  planned  changes  (+  or  -)  in  population 

dietribu.. ion  during  the  analysis  period,  for  each  areal 
unit,  1,  for  each  household  type,  L. 

Mif(L,I)  change  in  total  households,  type  L,  in  areal 
unit  I 
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The  effects  of  these  known  changes  are  then  used  to  calculate 
new  "beglni  ing  totals": 

NT(L,r)  -  (L,I)  +  DNT(L,I) 

These  chs  s  can  result  fron  public  decisions  (urban  renewal 
Creatmen  )  or  private  (plans  of  real  estate  developer,  etc.) 
actions. 

9  and  10.  Assumli.g  an  analysis  period  covers  a  reasonably  short  period 
of  time  (say  one  to  five  years),  it  is  not  realistic  to  as¬ 
sume  that  there  can  be  a  complete  reshuffling  of  land  use. 
Clearly,  the  Tictors  present  in  the  original  locational 
decision  for  an  activity  continue  to  be  Important.  Once  a 
location  or  land  use  comes  into  being,  however,  additional 
forces  are  created  that  act  to  tie  the  activity  to  the 
existing  location.  Some  investments  (buildings,  equipoient , 
etc.)  are  relatively  permanent  and  immovable,  for  example, 
which  makes  the  cost  of  re-locating  different  from  the 
original  location  cost.  Although  the  calculation  of  the 

effects  of  those  forces  chat  tie  activities  to  existing 
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locations  is  a  potentially  complicated  research  area, 

T.O.H.M.  in  its  present  form  handles  the  problem  in  a  straight¬ 
forward,  simplistic  way.  Two  subroutines  are  used  that  assume 
that  only  a  certain  percentage  of  activitiesoor  population  are 
mobile  during  any  analysis  period.  The  "stationary"  or  stable 
employees  and  households  form  lower  bounds  for  activities  in 
all  areal  units  (15.,  28.). 

NHS(L,I)  ■  STABH(NT(L,I))  stable  households  in  areal  unit,  I 
ERRM(K,I)  -  STABC(EM(K,I)) 

11.  Calculate  first  trial  totals  for  endogenous  cooMrcial 

activities  during  analysis  period. 

ERRM(K,1)  •  STABC(EM(K, I))  trial  total  for  endogenous, 

coasserclal  land  use. 

12.  Cilculate  first  trial  totals  for  households,  by  type  (L), 

during  analysis  period. 


NHTT(L,J)  -  STABH(NT(L,J))  -  NHS(L,J) 
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ReitdentUl  Loop 

13.  Calculate  total  houeehold*.  by  type  L,  aupporteu  by  city- 
side  employment.  Calculation  is  based  on  labor-force 
participation  rates  and  employment  totals  at  atari  of 
preaent  iteration. 


Mr  M 

TNHH(L)  -  L  jG(K,L)  *  T.  ERRM(K,  1) 
K-l*”  I-l 


M  H 

+  G(M+1,L)  *  L  EIND(I)  +G(M+2,L)  *  E  EBUR(I)  . 
I-l  I-l 


14.  Allocation  of  households,  by  type,  to  areal  units,  with  the 
number  of  additional  households  desiring  to  locate  in  a 
given  area  being  Inversely  proportional  to  the  total  rent 
surface  at  I  (evaluated  by  type  L  households)  relative  to 
all  others. 


15.  Apply  minimum  constraints  --  are  households  in  an  areal  unit 
greater  than  the  assumed  immobile  ones? 

Is  [NH(L,J)  ■!  vhtTCL.J)!  2  NHS(L,J)  ? 

If  not,  note  that  J  was  outside  of  constraints  and  is  not 
to  be  considered  in  further  residential  loop  calculations. 
NH(L,J)  -  NHS(L,J)  -  NHTTCL.J) 

If  constraint  satisfied,  leave  NH(L,J)  unaltered. 
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16.  Calculate  Residential  Holding  Capacity  for  areal  unit,  baaed 

on  zoning  map  and  densities  in  zoning  ordinance 
(ZCRl,  ZCR2,  ZCR3). 

NMAX(I)  ■  AJIRld)  *  2CRt  +  AZR2<I)  *  ZCR2  +  AZR3(I)  *  2CR3. 

17.  Apply  Residential  Holding  Capacity  Constraint  to  lee  if  more 

households  were  assigned  to  an  areal  unit  than  it  can  hold, 

LH 

Is  Z  [NH<L,I)  +  NHTT(L,I))  ^  NMAX(I)  ? 

L"1 

If  greater  than  Che  maximum  allowable,  note  that  I  was  outside 
of  constraints  and  is  not  to  be  considered  in  further 
calculations  in  the  residential  loop.  Reduce  thr  additional 
houeeholdfl  proportionately  to  that 

LH  LH 

Z  NH(L,I)  -  NMAX(I)  -  Z  NHTT(L,T) 

L-l  L-1 

If  constraint  was  satisfied,  leave  MH(L,I)  unaltered. 

18.  Check  to  aee  if  either  the  minimum  (stable  households)  or 

ataximum  (residential  denaity)  constraints  were  violated  in 
any  analyala  area  during  the  current  residential  loop.  If 
one  or  swre  conatralnt  vlolationa  were  observed,  accuaailate 
the  net  households  outside  of  the  constraints  (those  over 
ataxifflua  density  are  +  and  those  under  minlmuo  are  •)  to  be 
reallocated.  Go  through  reeldential  loop  again  (go  to  14.), 
reallocating  households  outside  of  the  constraints  only  In 
those  areal  units  in  which  conatrcints  were  not  violated. 
Continue  iteration  through  residential  loop  (14.,  15.,  16., 
17.,  and  18.)  until  all  housaholda  have  been  allocated  and 
no  conatrainta  are  violated.  Then  calculate  additional 
(-f  or  •)  households  In  each  tract  for  current  program 
iteration  (19.). 

19.  Record  change  in  total  households  in  each  analysis  arts 

since  last  iteration,  NH(L,I). 
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It  ihould  be  noied  «t  this  point  that  when  conetralnti  are  violated  in 
a  given  areal  unit,  thoac  houacholds  Involved  (over  or  under  the  origi¬ 
nal  total)  are  reaaaigned  to  other  areal  units  that  have  not  had  a 
constraint  violated.  This  reassignment  or  reallocation  is  made  on  the 
basis  of  the  original  calculations  of  potential  residential  density. 

This  is  equivalent  to  saying  that  households  locate  as  near  to  their 
desired  location  (based  on  the  total  rent  surface)  as  possible  without 
violating  constraints.  If  all  the  households  that  "want"  to  locate  in 
the  analysis  area  with  the  highest  density  potential  are  unable  to  do 
so,  they  locate  in  other  areas  inversely  proportional  to  those  areas' 
rent  surfaces.  A  siailar  argument  holds  for  those  households  "assigned" 
Co  areal  units  to  bring  the  area  up  to  its  minimum  complement  of  house¬ 
holds  (HHS(L,I)]. 

20.  Calculate  new  trial  totals  for  current  program  iteration  based 

on  output  from  residential  loop  (19.). 

NHTT(L,J)  -  NHrr(L,J)  NH(L,J) 

Endogenous.  Coaaiercial  Emolovs^nt  Loop 

21.  Calculate  city-wide  totals  for  endogenous,  cosnercial 

employtsent,  by  type,  ERM(K),  based  on  distribution  of  total 
households ,  TNHH(L). 

M 

TiniHa)  -  £  NHTTCL,!) 

I-l 

LH 

EIN(K)  -  £  A(K.L)  *  TNHH(L) 

L-1 

Different  types  of  households  exert  differential  support 
for  different  commercial  activities.  The  A(K,L)  coefficients 
are  empirically  determined  and  reflect  this  notion. 

22.  Calculate  endogenous,  coemwreial  employment  potentials  for 

each  areal  unit,  I,  based  on  access  to  households  and 
exogenous  employment  activities.  Employment  potentials  are 
inversely  proportional  to  cuatomcr  travel  costs  for  firms 
located  at  J. 


4 


ER(K.I)  4ERRM(K.I)  ^  cc.t(K.I)'  °«- 


Coit<K,I)  '  T. 

J-1 


E  [C(K,L)  *  NKrT(L,J)] 
ACCESS  ( I,  J,»l) 


ACCESS ( I, J.MN)  ^  ACCESS ( I, J,NN) 


The  paraaeteri  C(K,L)t  DI(K),  and  DB(K)  are  empirically 
determined  and  repreaent  differential  forcea  In  the  com¬ 
mercial  employment  location  proceaa.  Different  household 
types  and  different  employee  types  exert  differential  at¬ 
tractions  for  commercial  activities. 

23.  The  potentials  calculated  for  each  areal  unit  (In  22.)  are 

then  used  to  allocate  changes .  ER(K,J),  In  commercial  employ¬ 
ment  since  the  last  program  iteration  to  areal  units. 

ERBM(K,J)  Is  the  current  trial  total  for  endogenous  employ¬ 
ment,  K,  in  areal  unit  I. 

(ER(K,I)  +ERRM(K,I)]  «  cost(K,I)  “  '  *  *  Cost(K,I)  +  CHST(K) , 

24.  The  total  number  of  (potential)  employees,  type  K,  in  an  areal 

unit  is  subjected  to  a  mlnlmum-eff iclent-establishsMnt-slce 
constraints,  Z(K). 

[ER(K,I)  -f  EIUtN(K,I]  2  Z(K) 

"Controlling  the  distribution  of  retail  employment  was 
anticipated  as  a  major  problem  In  model  design.  The  diffi¬ 
culty,  essentially,  Is  that  the  potsntlal  functions  do  not 
allow  for  those  external  economies  of  scale  which.  In  the 
real  world,  encourage  the  clustering  of  retail  establishments. 
The  control  device. . .chosen  was  a  mlnlmum-slxe  constraint 
imposed  on  the  distribution  of  eBq>loyment  for  each  kind  of 

business.  Mo  tract  would  be  allowed,  for  instance,  to  have 
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a  threa-man  department  store." 
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25.  and  26.  Check  to  see  if  any  empioyeea  are  aaalgned  to  areal  unlta 
which  will  not  support  an  establishment  or  has  no  land  zoned 
coasserclal  [AZC(l)  <■  0].  Check  to  see  that  employees  are 
above  mlnlmuB  levels  as  well  [STABC(EM(K| I) ) 1 .  Take  all 
ecaployecB  located  In  deficient  areal  unlta  or  areal  unlta  not 
allowing  coomerclal  land  us#  and  relocate  thesi  In  chose  areal 
unite  with  aufficlent  employees  to  form  an  ettabllshnent . 

The  reallocation  is  based  on  the  relative  potentials  of  Che 
areal  units  with  aufficlent  employees  and  AZC(l)  >  0. 

27.  Calculate  New  Trial  Totals  for  endogenous  commercial  enploy- 

nenc  baaed  on  changes  since  last  program  Iteration. 

E&SK(K,1)  -  EARH(K,I)  ER(K,I) 

28.  Changes  In  trial  totals  sines  last  program  Iteration; 

NH(L,J)  households t  by  type  by  areal  unit 

ES(K,J)  endogenous  commercial  employment,  by  type,  by 
areal  unit 

NyAL(L,J)  market  price  of  housing  unit,  by  houaahold  type, 
by  areal  unit. 

29.  and  30.  Because  of  Che  iterative  solution  procedure  that  the  pro¬ 
gram  represents,  convergence  to  an  aquillbrlum  may  require  a 
great  number  of  program  iterations.  The  program  nay  go 
through  several  Iterations  (31.  to  13.  and  re-loop)  as  it 
neara  convergence  where  only  one  or  two  households  in  one  or 
two  areal  units  may  change  from  Iteration  to  iteration.  The 
tolerance  limita  specify  how  near  an  exact  solution  we  require. 
Experiments  with  T.O.M.N.  have  shown  that  the  program  con- 
vergea  uniformly  ao  that  as  changes  from  Iteration  to  Itera¬ 
tion  diminish,  the  program  approaches  the  "exact"  equilibrium 
solution  (see  discussion  on  convergence,  below).  If  all 
changes  In  all  areal  unlta  for  all  variables  (28.)  are  less 
than  a  toleranct  limit,  the  program  aasumea  it  has  found  a 
solution  for  that  analysis  period  (31.),  otherwise.  It 
returns  to  13.  and  ntarts  another  Iteration. 


-53- 


The  tolerance  limits  applied  (read  in  at  1.)  to  changes  in  variables 
calculated  in  28.  for  each  areal  unit  are  as  follows; 

TLI  Endogenous,  commercial  land  use 
TL2  local  employment 
TL3  Residential  land  use 
TLU  Households,  by  type 
TLS  Totals  of  all  land  uses 

31.  End  of  analysis  period.  Print  out  final  distributions  of 
employment  and  population.  If  analysis  period  is  last  in  Che 
study  period,  end  program.  Otherwise  update  data  files,  making 
ending  employment,  population,  and  market  value  distributions 
the  beginning  ones  for  the  next  analysis  period; 

MVAL(L,I) 

OT(L,J)  -  HHTr(L,J) 

EM(K,J)  -  ERRM(K,J) 

To  to  2. ,  3. ,  4. ,  and  5. 
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C.  Paranefr  Eitlmatlon 

CenerAlIy  apcakioH,  th«  values  o£  paranietera  are  being  eatlmated 

using  ffluiclple  regression  techniques.  In  ko  doinv.  ve  quite  clearly 

33 

raise  probleas  of  identification  and  lagged  vsrirbles.  These  ere 
ninimized  when  we  use  changes  in  variables  as  Che  dependent  variable 
(14.)  but  not  eliminated.  A  far  more  troublesome  feature  of  our 
regression  equations  relates  to  the  problem  of  simuiatmeousiy  esti- 
atating  a  regression  coefficient,  choosing  from  one  of  the  several 
accessibility  models,  and  estimating  parameters  for  the  access¬ 
ibility  model.  Consider,  for  example,  cite  potential  function 
calculated  in  (14.); 

KH(L.J)  -  mu»(L)  .  Kcfealjiw)  *  iisfe) 

(other  terms  Ignored,  for  convenience). 

Assume  that  we  arc  able  to  pick,  a  priori,  the  best  measure  of 
accessibility  as  HH  ■  2: 

ACCESS ( I, J, 2)  -  d"j 

We  are  faced  with  the  problem  of  estimating  both  k  and  WBUIl(L) 
simultaneously.  In  practice,  we  have  been  assuming  various  values 
of  k,  estimating  WBirR(L)  under  the  aasunption  and  calculating 
goodnesa-of-flt.  The  values  of  k  are  changed  in  the  direction 
yielding  better  goodness-of-fit  measures. 

The  constraining  effect  of  data  availability  becomes  apparent 
when  we  attempt  to  estimate  parameters.  NH(L,J),  above,  refers  to 
the  change  in  households,  type  L,  from  one  analysis  period  to  the 
next.  At  least  two  observations  on  households  are  necessary  to 
calculate  this  change.  The  time-period  between  observations  deter¬ 
mines  the  appropriate  length  of  the  analysis  period.  If  forced  to 
use  only  one  set  of  observations  (at  one  point  in  time)  to  eatlmace 
parameters,  then  we  are  assuming,  in  effect,  thet  average  change 
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cquals  narginal  change  and  that  Che  forces  affecting  locational 
changes  today  are  no  different  than  thoae  of  I0|  SO  or  100  years  ago. 

Perhaps  the  severest  data  limlCation  ganeraily  encountecad  In 
calibrating  T.O.M.K.  is  the  lack  of  data  on  employnent,  by  location. 
Eaploynent  data,  tf  available,  la  usually  by  place  of  residence  or 
location  of  accounting  office  issuing  the  employee's  payroll  (data 
from  tax  records).  Snail-area  data  to  be  collected  in  Che  IV70 
Census  for  resident-workplace  pairs  should  help  alleviate  this 
critical  probten. 


H.  Convergence  Properties 

The  race  of  convergence  of  T.O.M.M.  is  a  function  of  the  number 
of  household  types,  number  of  endogenous  employment  types,  number  of 
areal  units,  and  the  solution  tolerance  limits.  For  "ressonable" 
values  of  these  varieblee  and  "reasonable"  parameter  estimates; 


Household  types 
Endogenous  employment  types 
Areal  units 
Tolerance  limits 


(5-6) 

(3) 

(45-100) 

(2-10  households, 

employees,  etc., 
per  analysis  arcs) 


Previous  versions  of  T.O.H.H,  converged  in  3  to  6  program  iterations 
or  in  s  total  of  2-3  minutes  on  an  IBM  7090,  for  each  analysis  period. 


The  moat  important  variables  in  terns  of  convergence  reCee  end 
*g8reg*te  system  behavior  appear  to  be  the  labor- force  participation 
rates  [C(K,L)'a^,  or  the  average  numbera  of  households  to  supply  one 
worker.  Within  ranges  of  .6  snd  1.0,  the  previous  versions  of  the 
program  behaved  reasonably  and  converged  rapidly.  Below  average 
values  of  .6  the  city  stagnated  and  above  l.O,  it  grew  wrehout  bound. 
Because  of  their  reletiona  to  population  totals,  this  phenomena  seems 
Co  be  related  to  the  concept  of  "the  urban  size  ratchet"  discussed 
by  Thompson. 
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"Vcrhaps  no<nc  critical  size  exists,  sliutl  ui  uliicli  growth 
is  not  inevitable  and  even  tbe  very  existence  of  the  place 
is  not  assured,  but  beyond  which  absolute  cuntiacCion  is 
highly  unlikely,  even  though  the  growth  rate  may  slacken, 
at  times  even  to  zero,... 

In  sum,  it  the  growth  of  an  nrban  area  persists  long 
enough  to  reach  some  critical  size  (a  quarter  of  a  million 
population?),  structural  characteristics  such  as  industrial 
dtweraif icacton ,  politicla  power,  huge  fixed  investfnents,  a 
rich  local  market,  and  a  ateady  supply  of  Industrial 
leadership  may  almost  endure  Its  continued  growth  and  fully 
ensure  against  absolute  decline  (>  .6)  --  may  in  fact  effect 
irreversible  aggregate  growth  (>  1.0)."^^ 

The  changes  included  in  this  version  of  T.O.H.M.  should  not  affect 

convergence  rates  or  aggregate  system  behavior  in  significant  ways. 


I,  SuBsnary  and  Future  Directions 

T.O.H.M,  is  still  in  the  developmental  stage.  This  version, 
however,  approaches  the  Limits  of  this  particular  approach  to  urban 
locational  phenomena.  Futhre  efforts  on  T.O.H.M,  should  focus  on 
developing  an  appropriate  data  base  and  on  the  considerable 
parameter  estimation  problems.  Additional  theoretical  refinements 
would  appear  to  have  only  marginal  payoffs.  Only  careful  empirical 
testing  can  determine  whether  the  current  version  of  T.O.H.M. 
represents  a  desirable  addition  to  Lowry’s  pioneering  work  and 
achieves  its  dual  objectives  of  utilizing  only  "readily"  available 
data  and  incorporating  policy  variables  in  a  meaningful  way. 
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8.  The  stochastic  disturbance  terms  can  be  serially  correlated. 

9.  Dziewonski,  Kasimierz,  "A  New  Approach  to  Theory  and  Empirical 
Analysis  of  Location,"  Regional  Science  Association:  Papers. 
XVI.  Cracow  Congress.  1965,  p.  18. 

10.  Lowry,  Ira  S.,  Seven  Models  of  Urban  Development;  A  Structural 
Comparison .  P.  3673,  The  RAND  Corporation,  Santa  Monica,  1967. 

11.  These  functions  were  generally  of  the  following  form: 


where  ^  is  airline  distance  and  and  £2 
empirically-determined  constants  reflecting 
differences  in  costs  of  social  interaction  for 
different  forms  of  interaction. 

12.  Mills  argues  strongly  for  the  use  of  airline  distance  from  the 
center  city  as  the  only  necessary  measure  of  access! libity . 

Mills,  Edwin  S.,  "The  Value  of  Land,"  Johns  Hopkins  University 
(unpubli ahtd) ,  1967.  The  reason  given  was  the  high  correlation 
between  various  measures  of  accessibility  and  distance  from 
center  city  (R^  sa  .8).  For  a  model  attempting  to  describe  the 
dynamics  of  locational  behavior,  this  would  be  an  especially 
inappropriate  assumption.  First,  and  most  importantly,  indi¬ 
viduals  locate  with  reference  to  a  particular  employment  location. 
This  is  why  Mills  is  forced  to  assume  centrality  in  his  model  of 
urban  land  values.  The  center  city  is  assumed  to  le  more 
accessible  to  the  outside  world  than  any  other  point.  Hence,  in 
Mills'  model,  export  industries  will  locate  around  the  center  and 
other  activities  locate  about  the  export  industries.  Mills,  op. 
cit . ,  pp.  19-20.  While  the  presence  of  a  "single  point"  in  an 
urban  area  that  is  most  preferred  for  intercity  transportation 
(harbor,  railhead,  etc.)  may  have  some  historical  validity,  with 
limited  access  interstate  highways  bypassing  center  cities  and 
airports  outside  of  urban  areas,  tlie  centrality  assumption  no 
longer  seems  reasonable.  This  is  not  to  say  such  historical 
considerations  are  not  important.  The  importance  of  an  area's 
history  is  summarized  in  T.O.M.M.  as  the  exlstini;  stock  of  land 
uses.  The  forces  which  brought  about  an  extremely  centralized 
urban  area  with  dense  population  near  the  center  city  (after  a 
railhead,  harbor,  or  water-rail  interchange  point)  and  along  the 
transportation  linos  (rail),  falling  off  quickly,  have  largely 
been  replaced  with  the  dlsperst’re  forces  of  the  automobile  and 
limited  access  freeway.  Locational  parameters  estimated  on  the 
basis  of  urban  development  to  date  (i.e.,  filling  an  empty  plane 
--  city  --  usi^"  cert  pt’i'  ..  nnd  'oca  ion  parade. _i  in 

such  a  way  to  reproduce  an  existing  distribution  of  population, 
commercial  activity  and  land  use),  because  of  this  historical 
bias,  would  be  especially  inappropriate  for  estimating  future 
development. 
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13.  A  somewhat  parallel  argument  holds  for  endogenous  commercial 
activity  --  see  below. 

14.  To  be  defined  more  completely  below. 

15.  In  Figure  2,  these  costs  are  stated  in  comparable  units;  dollar/ 
land  area/unit  time  and  dollars/unit  time.  Household  travel  for 
non-work  purposes  will  be  introduced  below. 

16.  See  Lowry,  Model  of  Metropolis,  op  ctt. ,  pp,  31-32,  for  a  cogent 
statement  of  this  position. 

17.  By  stratifying  households,  by  type,  we  allow  different  classes  of 
households  to  prefer  different  cost  mixes  --  through  differential 
valuations  of  component  costs. 

18.  For  an  example  of  such  historical  models,  see  Edwin  S.  Mills, 
op.  clt. ,  and  his  "An  Aggregative  Model  of  Resource  Allocation 
in  the  Urban  Area,"  American  Economic  Review.  May  1967,  pp.  197- 
210,  and  Richard  Muth,  "Economic  Growth  and  Rural-Urban  Land 
Conversions,"  Econometrica .  January  1961,  pp.  1-23. 

19.  In  models  that  treat  households  as  homogeneous,  problems  arising 
when,  for  example,  a  household's  budget  is  less  than  the  minimum 
point  on  the  rent-surface  (see  Figure  2)  are  ignored.  In  T.O.M.M. 
it  is  assumed  that  budget  problems  are  largely  eliminated  by 
different  valuations  of  cost  components  for  different  (i.e.,  low 
income)  households.  For  instance,  by  "assigning"  zero  cost  to 
travel  time,  the  rent  surface  may  be  lower>»d  so  some  points  fall 
below  the  household's  budget  constraint.  This  is  equivalent  to 
treating  the  travel  cost  as  the  residual  of  household  budget  less 
site  and  Improvement  rents. 

20.  Topography,  ocean  or  lake  frontage,  view,  smog  count,  etc.  arc 
examples  of  site  amenities  present  in  limited  numbers  of  cities. 

21.  Immediately  questions  arise  concerning  households  with  no  memler 
in  the  labor  force  and  those  with  more  than  one  member  in  the 
labor  force.  These  Issues  will  be  dealt  with  below. 


22.  Meaningful  in  the  sense  it  does  not  require  knowledge  of  all 
components  (individuals)  of  the  aggregation  to  determine  system 
behavior. 

23.  This  assumption  could  be  interpreted  as  assuming  all  households 
making  locational  decisions  have  full  information  of  site 
amenities  in  all  areal  units,  not  just  those  in  the  "neighbor¬ 
hood"  their  employment  location,  etc. 
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24.  I  must  add,  however,  merely  because  other  modeling  efforts 
with  purposes  similar  to  T.O.M.M. 's  do  net  face  the  problem, 
does  not  mean  the  problem  is  non-existent. 

25.  Land  use  and  property  transactions  data  exist  in  many  cities 
and,  if  properly  coded  by  areal  units,  may  be  superior  to  census 
data.  Prices  in  the  real  estate  classified  section  of  news¬ 
papers,  while  undesirable  because  they  represent  asking  prices, 
may  represent  a  reasonable  source  of  data  if  the  disparity 
between  asking  and  selling  price  is  small  or  predictable. 

26.  This  means  obtaining  access  to  the  original,  raw  census  data, 
by  individual  households  or  estimating  census  tract  market 
values  from  component  census  blocks  containing  a  particular 
type  of  household,  exclusively  (or  nearly  so).  If  an  area 
contains  mixed  housing  types  (single  family  and  multiple  units) 
it  may  be  necessary  to  construct  an  index  of  market  value 
based  on  a  weighted  average  of  various  housing  unit  costs 
reflecting  this  mix  in  types. 

27.  The  price  adjustment  phenomena  outlined  here  closely  parallels 
Kenneth  Arrow's  discussion  on  that  subject,  "Toward  a  Theory  of 
Price  Adjustments,"  in  Abramovitz,  Moses,  et  al . .  The  Allocation 
of  Economic  Resources.  1959,  pp.  41-51.  In  his  analysis.  Arrow 
points  out  that  "...the  difference  between  supply  and  demand  is 
a  major  factor  in  explaining  the  movement  of  prices. .. .However, 
the  'price'  whose  movements  are  explained. . .must  be  thought  of 
as  the  average  price,"  op.  cit. ,  pp.  47-48,  This  parallels  our 
definition  of  MVAL(L,I).  In  addition.  Arrow's  analysis  suggests: 

i.  the  speed  of  price  adjustment  will  be  greater  during  a 

period  of  full  utilization  of  capacity  than  in  a 
situation  of  excess  capacity  [  |V2(L)]  >  |vi(L)(]. 

ii.  Price  adjustment  will  be  more  rapid  in  Industries 
where  inventories  play  a  significant  role  (as  in 
housing  markets) . 

iii.  Well-organized  exchanges  (real  estate  market)  would 
display  the  greatest  degree  of  price  flexibility, 
because  of  the  present  of  greater  information. 

iv.  Offsetting  iii.,  for  us,  and  leading  to  an  absence 
of  information  relevant  for  price  adjustments  is 
the  market  where  products  (houses)  are  poorly 
standardized.  The  heterogenous  nature  of  the  housing 
market  should  lead  to  longer  (price)  response  times 
and  greater  unsystematic  behavior  in  price  adjustments. 

Op.  cit. ,  p .  48. 
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28.  Empirical  work  using  market  transactions  data  suggests  that 
MVAL(L,I)  is  not  particularly  collinear  with  site  amenities, 
at  the  neighborhood  level,  Crecine,  John  P.,  Davis,  0.  A., 
and  Jackson,  John  E.,  "Urban  Property  Markets:  Some  Eiripirical 
Re  suits  and  Their  Implications  for  Municipal  Zoning,"  Journal 
of  Law  and  Economics.  October  1967,  pp.  79-100. 

29.  Other  endogenous  employees  were  not  Included  as  potential 
customers  to  avoid  parameter  estimation  problems. 

30.  Lowry,  I.  S.,  op.  cit..  pp.  70-74. 

31.  Dziewonski,  K.,  op.  cit. .  pp.  19-20. 

32.  Lowry,  I.  S.,  op.  cit..  pp.  71-72. 

33.  Malinvaud,  E.,  Statistical  Methods  of  Econometrics  (Rand 
McNally,  Chicago),  19C6,  pp.  473-523,  559-614. 

34.  Thompson,  W. ,  op.  cit..  j-p.  23-24. 


